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ABSTRACT . - " ' . ' 

This .three-paTt-report examines chemistry education 

at the two-year coilege'as revealed by a nationwide study of "b^o-yeetr 

science educa.tion which involved a review of the literature/ 

/analysis of the catalogs and class schedules of 175 representative 
two-year institutions, aad a survey of 82 chemistry instructors. Pshft 
I, in an examination <^t ;?hemistry curricula at -two-year colleges, 
first outlines th^ results of the catalog/schedule analysis as they 
relate ".to seven introductory courses, differ ent^iated by either 
student • ma jors^ or level of preparation, and five advanced courses, 
differentiated' by_ content or specialized area. The section goes on to 
discuss the design of- chemistry curricula at ind'ividual colleges in 
terms of the distribution of advanced and "introductory courses by 
size of college, type of governance, apd geographic location. Part II 
examines the .results of the instructor survey, focusing on outcomes - 
desired for students, student cnar^cteristics, instructTic5.nal methods, 
use of class time and of instructional materials, student evaluation, 
instructors* educational and employmentv background, and the . 
assistance, available to them. Part III summarizes results and 
presents conclusions and recommendations. <A bibliography and the 

'questionnaire, are .'appended. (JP) ' * 
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PREFACE 

This monograph is one of a series of twelve 
publications , dealing with the sciences in two-year colleges. 
These pieces are concerned with agriculture, biology, 
chemistry, earth and space sciences-, economics, engineering, 
integrated social Sfcieijces and anthropology, integrated 
hatural sciences, mathemaft ics , physics, psychology, and 
sociology. Except for the monograph dealing with engineering 

transfer programs, each waS written by staff associates 

of the Center for the Study of Community Colleges under 
a grant from the National Science Foundation 
(#SED 77-18477) . ^ *• 

In addition to the primary author of this monograph, 
several people were involved in its -executi9n. Andrew 
Hill and William Mooney were instjcumental in developing 
some of the procedures used in gathering the data^ Others 
involved in tabulating information were Miriam Beckwith, 
Jennifer Clark, William Cohen, Sandra .Edwards, Jack 
Fri€ti31ander , and Cindy Issacson. 

I 

Field Research Corporation in San Franciscc^, under 
the direction of Eleanor Murray, did the computer runs 
in addition to printing the instructor survey employed 
in that portion" of* the project dealing with instructional 
practices. Bonnie Sanchez of the ERIC Clearinghouse 
for Junior Colleges and Janice Newmark, Administrative 
Coordinator of the Center for the Study *of Community 
Cplleges, prepared the materials for publication. Jennifer 
Clark did the final compilation of the various 
bibliographies for. each monograph. 

Florence B. Br.awer coordinated the writing activities 
and edited each of the piecfes. Arthur M. Cohen was 
responaiijie for overseeing the entire project. 

In addition to these people who provided so much 
input to the finalization of this monograph, we wish 
to thanH; Ray Hannapel and Bill Aldridge of the National 
Science Foundation, who were project monitors. 

Arthur M. Cohen Flcjrence B. Brawer 

Project •Director J Publications Coordinator 
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SCIENCE EDUCATION IN TWO-YEAR COLLEGES: CHEMISTRY 

' Chemistry is a central science taking from and giving 
to the other sciences, health sciences, and engineering. 
Chemistry programs are heavily .influenced by the form 
and function of the institutions in wh^ch they are4.oused. 
This monograph examines the characteristics of chemistry 
in two-year colleges in view of its ■ relationship to the 
other sciences and -the diverse functions and heterogeneOQS ' 
student bodies of these institutions, it represents^ 
one. part of a National Science Foundation (laSF) sponsored 
study of science education in community, junior, and 
technical colleges in the United States. The study, 
conducted by the. Center for the Study of Community Colleges, 
was designed to provide a 'comprehensive picture oC curric- 
ulum and instruction in the two-year college. A literature 
review of the most important" studies of tw.o-year college 
science education was conducted to determine what 4^is 
already known about curriculum and instruction in, the , 
sciences. Curriculum data were gathered from thfe catalogues, 
and class schedules of a representative national sample 
of 175 colleges. A random sample of science instructors 
in the 175 colleges were surveyed to determine instructional 
practices and to obtain some information on the science 

faculty. ' 

This monograph explores the curriculum arid instructional 

practices in chemistry and some of. the resources available, 
it also includes recommendijrtions for improving and strength- 
ening these chemistry programs in two-year colleges.- 
The Two-Year Colleges , ' 

These colleges include the public community and 
junior colleges, private jvxnior colleges, tworyear technical 
institutes, and lower-.division two-year centers of university 



systems. The public institutions, -§L4 percent of the 
total, are often characterized as open-door, comprehensive, 
community colleges; these three terms help account for 
th^ character of chemistry programs of two year colleges. 

Two-year colleges enroll more than four million 
students — one third of all students in Jiigher education- 
There is great^ diversity in educational background, abilities, 

goals and interests among these . students , a conseqiXence 

of the open-door policies. Therefore, many programs 
and courses must be available. Specifically, in Chemistry, 
not all science intending students are prepared to start 
at the same place. Furthermore, not all programs requiring 
chemistry need the same slice of the spectrum of chfemical 
topics. Each chemistry course must be justified in .terms 
of one or more of the functions of the comprehensive 
colleges: transfer, occupational, general education, 
remedial, counseling-guidance, and_community service. 

Additionally, the size and diversity of the student 
body have implications not only for the structuring of 
the chemistry curriculum but also for the presentation 
of chemistry>to the students, a topic which isalso con- 

sidered here. . . % ^- ' ' 

The Literature of Chemical Education/in Two-Year Colleges" 
The literature background for this paper was obtained 
through a complete search of the Journal of Chemicajl 
Education (volumes 40-56, no. 7); the^ Journal of College 
Science Teaching (volumes 1-8); Chemistry |in the Two-Year 
College (volumes 1-18); Division o f Chemical Education 
National Meeting Abstracts (1963-1979 spring)| the ERIC • 
cyo^.n,; .nH ni^^Prtation Abstracts (1963-78). Additionally, 
* all publications of the Advisory Council on College Chemi^^try 
were reviewed'-as was an extensive collection of publicatibi\s_, 
reports, and papers concerned with chemical education 
and chemistry in the two-year colleges. This collection 



contains items from Amer;can Chemical Society component 
organizations, the National ^bience Teachers Association, 
American Association for A,5vaVic^ment of Science, Chemical 
Manufacturers Association; National Science Foundation 
and projects supported bytJSF, state community college 
i agencies and many other agencies and organizations. 

Other publications concerned with education and science 
■ also contained occasional references of interest. However, 
th^ community college literature contained little of 
interest to the study of chemistry. 

The literature citations in this report are limitedX^^ 
they were selected for their pertinence to the specifics 
of this document. No attempt has been made to be compre- 
• hensive in citations or bibliography herein. However-, 
an additional, comprehensive report is being prepared 
that will include all of the tables from which this report 
has been prepared as well as more extensive discussion, 
and a comprehensive bibliography on chemistry in the 
two-year colleges. When completed, the report will \be 
available through the ERIC system. 

Comprehensive studies relating to the topic of this 
monograph include the 1965-66 California two-year college 
chemistry curriculum study (Mooney, 1967); th^ 1966-67 . 
national two-year college chemistry faculty study (Mooney 
& Brasted, 1969); the status of introductory college' 
chemistry (liodson, 1969); the analysis of patterns of 
-introductory chemistry in the two-year colleges (Mooney, 
^ 1968); and the description of the chemistry curriculum 
* at St. Petersburg Junior College (McKaig & Gay, 1965). 

Hill (1974) developed a concept-based unitized chemistry 
. curriculum with units applicable to the needs of diverse 
student enrollments in beginning chemistry courses. ; 
Built-in flexibility in scheduling allows both individual- 
ization' of course content' and self-pacing of time. Most 
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of the other literature references relevant to chemistry 
in the two-year colleges deal with specific courses or 
sequences in some way; 114 articles from the Journal 
of Chemical Education dealing with new approaches and 
ideas to the teaching of chemistry courses were surveyed 
by Hansrote (1979). . " . . 

. Guidelines fbr Two-Year College Chemistry Programs 

In 1970 the ACS Committee on Professional Teaching, 
in collaboration with the COCTYC of the Divisibn oF Chemical 
Education, published the Guidelines for Chemlstr.y Programs 
in Two-Year Colleges (ACS, 1970) for the expressed -purpose 
of providing guidance to the teaching faculty and the 
administrators in charge of transfer programs in chemistry 
at the two-year college. "Recommendations for twp-year 
college cjiemistry programs ^contained therein include: 
(1) a one-year course in general chemistry; (2) a one- 
semester course in elementary chemistry to prepare students ' 
for general ^chemistry; (3) a one-semester course in quanti- 
tative analysis, in some situations; (4) a on^-year course. 
in#org^nric chemistry, if it can be of the proper quality; 
and (5) separate courses for chemical technology programs. 

Tfie tv{o-year college Guidelines have not been revised 
since 1970 i although the four-year program document upon 
which they were based was modified in 1977 (ACS, 1977) . 
This revision includes the following statements related 
to the /first two-years of college chemistry: 

/ 

. .Usually the majority, of students . . . take 
chemistry as a requirement in some other curriculum. ^ 
,, Chemistry departments have an important obligation 
y to serve the technical and broader educational needs 
/ of such students. . . Lecture experiments and 

demonstrations - particularly effective in fj^^esenting 
descriptive material and in generating lasting interest 

in. chemical phenomena - should be designed to provide 

gijeater emphasis on these latter aspects. Similarly, 
efforts should be made to use some of the newer ♦ 



types of learning m^dia resources, . . . The first 
year's work' should include aij introduction t?o chemical 
principles and Elementary chemi (5a 1 analysis. One 
semester or the eqi^ivalent should be devoted *to 
basic inorganic chemistry, i.e., to descriptive 
chemistry dealing ih a systematic way with the el^npients 
and the structures, properties, and reactions of 
their compounds. Students with strong high school • 
preparation often complete suitable coverage of 
these topics in two semesters (or the equivalent 
in quarters); others may require three semesters. 
The introductory year is followed by two semesters 
of organic chemistry (p. 7-9). 

The 1969 Conference on Science in the Two-Y.ear College 
-^CS, 1971) recommended that; "Two-year college faculties 
respond to thq diverse needs of their students- by offering* 
an appropriate variet'y, of programs in the sciences .... 
The sciencfe content of occupational programs should be 
the joint concern of faculty in science and faculty in 
the occupational programs" (p. 2). The curriculum study 
reported herein is the first to indicate the extent to 
which two-year college science programs have responded 
to the diverse curriculum needs of their students. 

This paper is divided i^nto thr^e parts. The curric- 
ulum study conducted* by the Center fbr the Study of Communit;/ 
Colleges is presented in Part I. Part II discusses results 
of the survey of instructional practices 'while the last 
portion- of fers recommendgitions stemming from. these 
investigations. 
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. • METHOD^ ^ . , 



.election technique used in thiV.tu,y Pfodjicea,.-.:^, 
a sample oe.l75 two-year colleges >aXanc«^ by cOUe^e.v , 

o::::;: re.ion/ana 

iunioH^anajreclu^^ Z/- ^ 

Y;;;;^^^;^^?:^!;^ °^ our. sample. w..th . 
that of the nation's two-year .olleges population ylth . 
respect to' size, region, and- control. ' 

I— n^;;;;i^^;i;^dolpgy o£ Ihis study; see HIH and . 
MQoney (1979). ; , 



• • Table 1 • " 

Percent Distribution of Colleges by Siz6, Region, and 
c i^ype of Control: ^ample Compared to the National Group 

u ♦ 
(All figures, are percent of natippal or sample group.) 

A* BY SIZE ' ■ . , « 

. Smal]L Colleges ' Med i urn •^Colleges Large Colleges 
Enrollment 001- 500- 1000-' 1500- 2500- 5000- 7500- 10000- 1500,0 o 
>frv*Range 499 999 1499 2499 *4999 7499 "9^99 14999 greater 



National " 15 
SampXe. . 13 



18 
16 



13 
13 



17 
17 



17 
19 



8 
9 



5 
5 



Region* 
National 
^ Sample - 



B, BY REGION 
, ' Middle Mid- Mountain 

Northeast States South %west Plains 

32 



13 
.12 



21 



10 
13 



\ 

Type of Contr^ol 
National 
Sampli 



31 22 
C. BY T^E TYPE OF CONTROL 

-I *■ ♦ 

Public " ' Private 



84 
84 



16 
16 



5 
6 



West 
" 17 ' 
,16 



4 
4 



i 



*See Appendix A for list of. states in each region. 
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Procedure ' , . 

(College catalogs and class schedules ^or the spring 
1977 through winter 1978 terms (both semester and quarter 
colleges were included) were obtained from'each of ^;he 
175 participating colleges. The curriculum phase , of 
this project utilized the Course Classif ?.pati^n System 
ior'the Sciences in TworYear Colleges" (Hi'll & Moon^y, 
1979) develo'ped specifically for this project to analyze, 
classify aind report the science courses in .ter^3 of both 
th.e unique f eatui;es of the two-rvear colleges aii^ the 
tiraditional science disciplines, 
as described belpw, * I 

Based upon the catalog coujrse descr iptiori,> each 
science course listed in the catalog wasf placed into 
pne of six major; curriculum areas: Ajgr iculttire and^'Natural 
Resources, Biological Sciences, Engineering Sciences 
and Technologies, Mathematics and Computer Sciences, 
Physical Sciences, or Social and. Behavioxal Sciences. 
These ai^eas closely reflect the instructional. administrative 
organization of two-year colleges as well a$ the organiza- 
tion of national and international Science agencies-, 
Such as the Nation'al Sciende Foundation. ^. . 

"■^^ The second level of classification was executed" . 
primarily by the major subject fields disciplines within 
the broad area. For example^ the physical science classifi- 
cation has been subdivided into Chemistry - Introductory, 
Chemistry -'Advanced, Geography^ GeoHogy, Other Ef^rth 
"and Space Sciences, Physics, Interdisciplinary Physical 
Science,' or Environmental Science and Tec^inology. 

Introduc^ftory chemistry includes courses or sequence? 

.« ... 

thatrthe student may enter directly from high scho€^l; 

* ■ • ' 

* advanced courses are those requiring completion of^ one 
or more terms of the general chemistry course for pdj-'ence 
majors. Since there is a wide variety of courses in 



both of these groups, subcategories, listed the follow- 
i^^g sections were developed to encompass closeXy- related 
courses. Courses were placed into subcategor ies\ after 
an analysis of the complete^, catalog description fCK^that- 
course. Course inclusion was not limited to those coujcses 
listed under the chemistry heading in the catalog ^or 
to those taught by members of the chemistry faculty.. 
Rather," any course for which the content is basically 
chemical -in nature' was included, regardless of the location 
in the catalog. Independent study , '^rk-study, clinic4l, 
cooperative education, and"^ tion-6redit continuing e.ducatlon 
courses were omitted from this study. \^ ♦ - . . 

After all the science courses were classified, class 
schedules for the 1977-78* academic year fsummer terras 

* « 4 

were excluded) were inspected, and the number of sections 
offered (day, evening an^ weekend) for each teriil were 
determined*. Prerequisites for entrance into the course * 
and the instructional mode (e.g., lecture, lecture-labor artery, 
laboratory) of the course were ascertained from the catalogs 
and schedules. 

Introductory Chemistry Courses ^ 

This category includes -those courses identified 

. from the course and schedule analysis which are generally . 

completed during a student's first year; Such cJbarses 

introduce the stddent to chemistry and are cpncerned 

with the Sstructusre, composition and properties' o£ the 

various kinds of matter (substarices) i the changes occurring" ^ 
\V 

when various kinds of matter are brought t^ogether and i 
subjected to various conditions; ^rtd the energy effects 
associated with such changes. These courses tend to 
be general in nature and may include material from several v. 
subdisciplines (e.g. # .inorganic, organic, anajj^tical, 
.physipa^l and biochemistry). However, they may also be 
specialized in approach and select j.ve in topics. 



The introductory courses Lend to vary in content; 
lev^il ol^ * chemical r physical and mathematical sophistication; 
and orientation because of the different needs ^ interests 
and bacll^roun^Js of the student groups for vhom' th^y are 
intended* iThese courses may rely heavily on laboratory 
work and prerequisites^ ^especially mathemat ics / compared 
to other scienice courses* Many courses may relate to 
two or more ^3ubca terries (e.g.r be intended for, both / 
preparatory and non--sciencb students) • In such cases, 
they were assigned to fehe one most emphasized by tl?e 
college in the catalog description* The seven sivbc3te- 
gories of introductory chemistry courses, dif f eirent^ated 
by eithe^ student majors or the preparation. oJ^the students 
for whom the included courses are intended', jeire: 

Chemistry for Non-Science and Non-^-Tecl^nology/and 
Related Occupations . " * / 

^ Chemistry for Allied Health ^and Oth^r BioJ^ogy Related 
Occupations ; / 

<;;hemistry for Engineering Technology ar^ Related 
* Occupations 

Preparatory Cheihistry 

General Cheitristry for Scienc;6 and sfigineering 
, Introductory Cqurses for Cl>emicaWTechnologies 

Chemistry ^r^ther Groups 
Descriptions \of each of t^iese/seveny^ubca-tegor ies introduce 
the sections A whicli the f^hditigs^for each group are 
'discussed* ■ ^ / / 

Advanced Chemistry Course)^ • / 

: -7^ ■ / 

Cheihistry courses . based ot\ one or more terms of . ' 

^general chemistry for ^ither science and engineering 
majors or chemical tjgchriology students .comprise the advanced 
category^ These courses are cohcerned ,wit^ sukh specialized 
areas- of iirhetiiis try as t[uantitdtive and instrumeiital methods 
of analysis, organic chemistry ^and biochemistry, chemical 



engineering and industrial chemistry, clinical cheml'stty, 

and physic'al chemistry. They are intended primarily 

for students majoring in chemistry, biochemistry, chemical 

engineering, chemical technology, and the biological 

and hearth sciences, including medical laboratory technology 

Specialized courses not requiring general chemistry are 

included 'in the introductory category. The five subca^- 

gories of advanced chemistry courses, differentiated ■ 

by content or specialized area rather , than by £.t(ydent 

major or. preparation as for the Introdjj'ctory courses, 

are: ' , - \fr 

Analytical Chemistry Including Instrumental Methods . 
• . ^Organic Chemistry Ihcluding Biochemistry 

Industrial Chemistry and Chemical Engineering 

Clinical Chemistry 

Other Advanced Chemistry 
Descriptions of these -five. also accompany 
of the findings. 



the discussion 



-. • . RESULTS ■ 

The findings of the Curriculum Study are reported 
in the following sections. The first tw^ sections present 
a profile based on the number of courses end then the 
number of 'sections; these are ^followed by a detailed 
report on each of the twelve subcategories of chemistry 
courses. This part is concluded by an an<ilyfeis of the 
pattern of course offerings in individual 
Chemistry Courses " • 
. Ninety-seven percent (97%) of the 17 
one Qr more chemistry courses in their 19 
and all of these cblleges coffered at least one chemistry 
course in their schedules of classes for/the spring 1977 
through wint^er 1978 terms (summer excludted) . All 97 «^ 
percent of the colleges included introductory courses 



colleges^. 

polleges listed 
77-78 catalog 



1 1 



/ 



in *both their catalpgs and schedules. However, femer 
colleges 1(79%) included advanced courses in the catalog 
and even less (72%) scheduled them, a result which argues 
strongly for -the use of schedules whfen assessing ' course 
offerings of colleges rather than the common practice 
6f reviewing catalogs. ' 

Looking at the results in another way, the 1192 
chemistry courses, 2528 lecture sections, and 2875 labora- 
tory sections- listed on the schedules in 1977-78 produced 
an average^of 7^.1 courses, 15.0 lecture sections, and , 
17-0 laboratory secti«»ns for those 169 colleges that 

. offered chemistry. . ' . o 

Table 2 presents .the results of the catalog and 
schedule analysis fior each of the 12 subcategories of 

\ chemistry courses. \ One-third of all the chemistry courortfs^ 
•were general .chemistry; nearly another third were a^ysAmet 
courses; and , the reAainder, slightly 'more than one-tl)^/d,y 
were distributted among the other intrpductory types 
The decreases fr.om catalog to schedule were lO.gercMt 
or .less, except for analytical chemistry, a ph^nbm4hoi 
discussed later., . /> 
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Chemistry Sections " 

To otytain a* more complete measure of the 
of the' chemistry curriculum one mflM»t consider yVhe /number 
of lecture and laboratory sections.^fecheduled// Tfctis- informa- 
tion is also included in Table 2 for each o^/tM 12 subcate- 
gpries. General chemistry predominates because of the 
larger erfrollment characteristic of this^^^ than 
the other types (Mooney ^ Brasted, 1969)' .7 o/ganic chemistry 
dropped relatively from the course ranki^Mg pecause many 
programs that' require general chemist r^Vdo^^not require 

some s'tudents transfer tpya rfur-year institju- 



the organic; « 
tion after the general sequence or 



it ' foi take organic 
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Table 2 • 
Chemistry in the Two-Year Colleges, 1977-78 

Type of Course . * Percent of Colleges Percent Percent of Total 

Listing This Type of Total Chemistry Sections 

Course in Chemistry Listed on 

Catalog Schedule Courses Schedule 

Listed on Lecture Lab 

• (n=175) (n«175) - (n=1192) (n=2528) (n=2g73) 



Introductory Courses 


(97) 


(97) 


(68) 


(83) 


(84) 


Chem tor Non-bci & 

Non-Tech Stuj3ents 


- ol 






17 


16 


Ch^m for Allied Health/ 
Bioi^Occupations 


55 


49 


. 14 


14 


14 


Chemistry for Engin 
Techn/kHated Occup 


14 


10 

r 


2 


' 2 


2 


Preparatory Chemistry 


29 




5 


10 


€ 

• 


General Chemistry for 
Science & Engineering 


85 

• 


83 


33 


38 


44 


Introductory Courses 
Chemical Technologies' 


7 


4 . 


1 


1 


1 


Cneroiscry r^r uuner 
Groups'^ 






2 


1 


«iy 


Advanced Courses 


(79) 


(72) 


* (32) 


(17) 


(16) 


Analytical Chemistry & 
Instrumental Methods 


•48 


25 


5 


3 

• 


3 


Organic Chemistry & 
Biochemistry 


74 


64 


22 

* < 


11 


11 


Industrial Chemistry & 
Chemical Engineering 


7 


4 


1 


1 


«1) 


Clinical Chemistry 


18 


16 


4 


2 


2 


Other Advanced Chem ^ 


3 


1 


(<1) 




«1) 



Notes. 1. 169 colleges (97% of sample) list one or 

more chemlstrjf courses in the college catalog. 

2. 169 colleges (97% of sample) list one or 
more chemistry courses in schedule? of classes. . 
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at the four-year college? and other students change majv>rs, 
convert to a part-time status, or drop out o^ college 
during or after their general chemistry. 

•l|he increase in percentage of laboratory sections 
over l^ecture sections for general . chemistry, is a consequence 
of the practice used bV some colleges where two or more 
laboratory sections are scheduled for each ledture sectipn. 
It is also influenced by lecture only sections, more 
preponderant in several other categories than In general 
chemistry. 

Chemistry for Non-Science and No n-Technology Majors (NSM) 
The study of chemistry ^designed primarily fo^^^io"; 

science and technology students, i"^l"^,^"^Vwi nature 
arts-majors, to better acquaint them with the nature 
and fundamentals of chemistry as well as with femical 
aspects of our physical environment and tM^^^J^^^^" . 
ship of chemistry to social, economise, and techno- 
logical developments. These courses vary widely 
in the chemical topics included and often^art themat- 
ically oriented, for example, chemistry of th^ enyiron- 
ment or a- historical view ^f chemistry. They may 
be multifunctional, serving as the preparatory course, 
the chemistry course for technicians and/or the 
v^hole or part of the chemistry requirement for allied 
health occupational students (CCSS) . • 

..The NSM courses are included in the chemistry curric- 
ulum because the conventional general' chemistry courses 
and the more specialized occupat ionally related courses 
do not adequately meet the needs of those students who^ 
will not be scientists-, engineers or technicians but 
.who wiir be important citizens in a society considerably 

influenced by science. * 

The NSM courses offered by 53 perqent of the colleges, 
accounted for 12 percent of the chemistry courses, 17 
percent of the lecture sections and- 16 percent of the 
laboratory sections (Table 2). 

The four typec^ of NSM courses (Table 3) differ in 
two ways: content or emphasis, i general approach versus 



a thematic thrust; and length, one term versus a year 
sequence. The predominant* course is the one term compr6- 
hensive type. Only 7 percent of the colleges offered 
both a short Course and a second NSM course or sequence. , 

•rable 3 ' 
Chemistry Courses for Non-Science and 

Non-Technology Majors (NSM) ' - 

V Two-Year Colleges, 1977-78 

Type of Course Percent of Colleges Percent Qf ^ Percent of 

Listing This Type . Total NSM ' Total NSM 

Course * Courses 6f Courses on 

: ■ # in on This Type. Schedule 

Catalog . Schedule Scheduled (nal71) 

' (n-175) (n=173) (n values 

^ at left) 



Comprehensive 
One Term (n=78)* 

Comprehensive 
One Year (n=74) 

Environmental 
(n=ll) 

Other Specialized 
(n=8) 

*Namber of courses of this typo^ liste/f in catalogs. 
This notation will be used on similar tables thrbughout 
the monograph without additional fqotnotes. 

• ( 

The ^^SM chemistry courses are more popular in the 
west" (86% of the colleges), midwest (64%) ^nd mountain- 
plains (54%) regions than in the middle s^lates (43%), 
soutli (33%) or northeast (27%) ; in public colleges (55%) 
than private (28%); and in large colleges (84%) than 
in medium (54%) or small (39%). The one-term course 
predominates in all regions. . 

The NSM courses, predominantly lecture-labbratgry 
(*'8%) , tended to grant four units . of credit 455% of both 



41 
20 
6 
2 



} 



34 
17 
4 



83 

76 I 
63 
75 



49 
42 
5 
4 



semester and quarter colleges) and. favor three ho|||rs 
per Week of * lecture (60% quarter, 71% semester). Labora- 
tory work was inclikhed- in 86 percent of the NSM courses, 
witb three hours of laboratory preferred^ (44% quarter, 
50% semester) over tw5 hours- (48% quarter, 24% semester).. 

There were tio prerequisites for 79 percent of the 
NSM» one-term courses or sequences. However, 10 percent 
required elementary "Algebra but only 3 percent, a previous 
jchemistry c9urse*. . - - 

Nomenclature foi: NSM chemistry coursed is confusing; 
31 different titles were used for 98 'individual jcourses, 
or sequences. The five most frequently found were general 
chemistry (16), introductory chemistry (11), introduction 
fo chemistry (9), fundamentals of chemistry (7) r and 
basic chemistry (6). Additional confusion results becaCise J 
many of these titles are simila^r to those, found for the 
allied health, technician, pr-eparaLtbry , and general chemistry 
courses. 

The development and evaulation of a new lecture- 
laboratory NSM chemistry course, primarily for students 
entering under the open admissions program at the Borough 
of Manhattan Commurvity CbHege is well documented; lecturfe- 

(Jaffe et al.,. 1975) labqi^atory (Ma-rkisz et al,., 1975); 
in a PSI format (Spevack, 1913, 1975); and in a closed 
circuit TV aRproacb (Levine, 1973). Other significant 
contributions include using "real" samples in laboratory 

("Nordmaiin. 1967) -and an . investigation of the mathematical 
skills of t^tie NSM chemistry students- (Perkins, 1979). 
Hostettler (1979) gives an extensive bibliography for 
teachers of NSM courses and Fuller (1974) r'eviewi^ the 
decade of increasing interest in this area.' 



■ gjj^-ilLstry for Allieri M..1^H and Oth.r ni^. p^y r^j,,,^ 
Occupations (AH) ~~ ~ 

for botTtwo'v^'"''^'' designed primarily 

applications to living, systems as encbuntecpd in 

^^L^^^ "^^^^"^^ programs tencj 'to b(e shorter • 

' - and arf aSt'LT' Prerequisites, if any" 

the tranff^r^. 5 specialized than those for 

cne transfer students (CCSS) . • 

The AH chemistry" courses ha,ve grown in popularity 
".ore rapidly than any other type of introductory course 
This IS, probably a consequence of the recent national 

emphasis placed on occupational and paraprofessional 
education in the health sciences . ^ Although not mentioned 
in the Guideline s (ACS, 1970), the AH courses are an 
excellent response to*he recommendation that, chemistry 
departments serve the technical and broader educational 
needs of students who. are not chemistry majors but who 
ate enrolled in first year chemistry courses (ACS, 1977) . 
The AH chemistry courses, bffered by 49 percent 
. of the ci,lleges- accounted for 14 percent- of the laboratory 
., sections (Table 2). The four types b£ AH courses (Table. 4) 

differ In three, ways: conte;,t, inorganic-organic- * 
. biochemistry as opposed to separate organic or biochemistry 

all AH and related students or majors in a specific 
occupational program. 

Although th^ short course was scheduled by more '^^ ' 
, ■ colleges than tjje long one, nearly half of the total 

courses of thi,^ type were part of a' long course sequence.' 
Only slightly mjsre than one-third of the courses were • ' 
of the Short variety. The separate organic or biochemistry 
, courses require something less than general chemistrj 
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as prepa;:ation; hence, they are included as introductory 
courses. Finally, courses for specific programs emphasize 
the ^eraical knowledge and techniques required in the 
program they serve. 

Table 4 ' ' 

Chemistry Couties for Allied Health and 
Other piology Related Occupations (AH), . 
Tvfo-Year Colleges, ; 1977-78 . • 



TVpe of Course' Percent of Colleges Percent of Percent of 

^ Listing This Type Total AH Total AH 

Course Courses of Courses on 

- in on This Type Sc^iedule 

Catalog ' Schedule Scheduled " (n=»157) 

(n=175) (n=175) (n values 

at left) 



Inorg, - Org. - Biochem. 



82 36 

Short Course" (n=56) a:^.^ 
inorg. - Org; - Bi^c&m". 25 v>:/ -22 87 48 

Long Course (n=86r ^ 



Organic or Bioche^. 
(n=26) A 



29 


24 


25 


vv., ■*22 






11 


^' 8 


8 


.6 



58 10 
88 ' 13 



Courses for Specific 

Programs* (n=24) 
♦Includes food, agr ieultural , embalming, fisheries, medical^ 
laboratory technology, and nuclear medicine chemistry 



courseSjt • 



Only 39 percent of the single course or first-terrtl 
AH courses listed prerequisites. Long courses tend to 
have more prerequisites than the one term course; 33 S& 
to 6 percent require algebr^; and 17 percent- to l3 percent, 
hi^h school chemistry. Approximately one t^hird of the 
organic/biochemistry and specif ic program courses require 
a previous college chemistry course. 

The inorganic - organic - biochemistry type (short 
and long courses combined)^ are more apt to be found in 
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the northeast (45% of r^fehe colleges) west (39^) or midwest 
(38%) regions than the sout.h (33%), middle (24%) or mountain 
plains (23%) states. They tend to, be in public (36%) 
rather than priv^ite colleges (25%); in technical (39%) 
or comprehensive (35%) rather than liberal arts (13%) 
colleges; and in large (44%) or medium (38%) rather than 
small (26%) colleges. The one term course predominated 
in all categories except for the west and t^he small and 
large ,coll^es, where, in each case, th6 iiear course 
was equal to the short in frequency. 

The one-term AH^ chemistry courses were primarily ' . 
four (50%) or five (22%0 units, with three (52%) or four 
(20%) houra lecture and three (41%) ^r two (30%) hours 
laboratory. -However, 17 percent of ,'the courses were 
non-laboratory. Comparatively, \he/ year courses were 
primarily four (60%) or five (33%) /units with three (68%) 
or four (24%) hours lecture; and yhree (55%) , two (1>%) , 
or four (12%) hours .laboratory; oiily five percent were 
norT^^aboratory. / 

As with the NSM cdurses, th*re is no consistency 
in naming the AH courses; 21 diftereiit titiles were used 
for the short cour^ses and 30 fo^ the long. For the shorls 
course, 52 percent were named without reference to the 
health sciences or life processes, using, terras such as 
principles of chemistry, general, chemistry or introductory 
chemistry; 45 percent of the long courses were so named. 
Titles including health sciences, allied health *or similar 
terms were assigned to 27 percent of the short pourses 
and 12 percent of the' long. Titles referring to life 
processes in some way accounte^ .for the remaining 21. 
percent of ' the short courses; whereas, titles including 
the terms organic or biochemistry were used in 43 percent^ 
of the long courses. 



- Recent developments in the AH chemistry curriculum ^ 
include course development in conjunction with allied 
health faculty and professionals (Deckard, 1976-1977j 
Gaglione, 1975; Laughlih, 1973; 'stanitski & Sears', 1975) 
and use of biologically relevant illustrations (Timber lake , 
1934, 1975) and laboratory experiments (Dever, ^1975). 
The AH course appears to be uniquely suited for individualized 
instructional apfftroaches (Halpern, 1975-1976; Laughlin , 
& Kurnath, 1975; McGhee, 1975-1976) and similar to general 
chemistry, for studies designed to. predict success (Mamantov, 
1976; Paul,* 197^8) . ' • . . 

Chemistry for . Engineer ing Technology a nd Related 

, Qccupations (TECH) * ■ • 

These courses are designed primarily for ^oth two-ye^r 
occupational and transfer students in any .engineering 
technology, . indU^try-related oiTcupatiohal , or similar^ 
programs (other "ithan those that are chemically based) . 
These courses include sei^cted topics from inorganid 
chemistry with applicat;^ons to materials science 
and engineering related activities.* Courses designed 
* for a single program , tend to, be more specialized 
than those serving several programs (CCSS) . ^ 

The biology/health sciences ^nd engineering materials 
science area draw heavily on chemistry in their study 
and practice. However,, because the chenvical emphasis 
in living systems and engineering materials systems is 
different, ^he chemicJal needs of the technicians in the 
engineering technology areas differ fr,om those of the 
allied health groups considered in the previous sectior^. 
Consequently, many community colleges include, separate 
chemistry courses-for the engineering related technologies. 

TECH chemistry, courses were offered by ten petpent 
of the colleges although they accounted for only two 
percent of all chemistry courses as well as a similar 
portion of both the lecture and laboratory sectiqns (Table 2) . 



The TECH chemistry courses were differentiated in terms 
of length, one-term or two-or-roore terms; ahd audience, 
designed for several , technician programs or for more 
specialized groups (e.g., corrosion,- plastics or water) 
(Table \5) . " / 



Table's 

Chemistry Courses for Engineering Technology anjS 
Related Occupations (TECH), 
TworYear Colleges, 1377-78; ^ 



Type of Course 



Percent of Colleges 
Listing This Type 
*• Course 



in 
Catalog 
(n=175) 



on 

Schedule 
{n=175) 



Percent of 
Total TECH 
Courses of 
This Type 
Scheduled 
(n values 
at left) 



One Term Course for 
Technicians (n=:14) 



6 
2 
3 



86 
5(J ' 
50 



Percent of 
Total TECH 
Courses on 
Schedule 
(n=24) 



Two or More Term Course 3 
foif Tetchnicians . (n=14) 

Specialized Courses* 5 
* (n=6) _ • < 

*Includes nuclear chemistry, water chemistry, corrosion, 
chemistr,yv cti^mistry of plastics, chejnistry for industrial 
safety, chemistry for j^ij^mbers, and unit operations. 



50 
29 
21 



The TEfcH courses tended to grant four or five units 
credit (54% .and 25%) and iSe scheduled for three or four . . 

4 ~ 

Hours lecture (58% and 29%) and three or two hour^ laboratory 
(50% and 25%) per week. Seventy percent of the courses - - 
Ihclvided both lecture and l^iboratofy, and 22 percent 
were lecture 'only. . 



TECH chemistry courses ar6 more apt to be found 
in the midwest (18% of the colleges) , west (17%)', south 
(15%), or middlQ states (14%) regioVis- than mountaln-plains 
(9%) or northeast (9%) ; in public (1^%) rather than private 
colleges (none); in technical (28%) rather .than compre- * 
hensive (1/3%) or liberal arts (7^) colleges; and in medium 
(18%) or large (18%) kather than ^mall (10%) colleges.. 

Although 60 percent of the TECH courses had prerequi- 
sites listed, only eight percent reguired a previous ^ 

chemistry course; 24 percent required mathematics of 
various levels. Most other prerequisites involved enroll-T» 
ment in a specific curriculum. More than two-thirds 
of the non-specialized TECH courses (68%) were named 
technical chemistry, chemistry for technicians, or indus- 
trial chemistry; the others had a variety of. names similar 
to' those for the non-scienc? and preparatory courses. 

Innovations in TECH che'mistry courses in two-year 

colleges include a water chemistry course {Kramer, 1975); 

an environmental analysis course for conservation students _ 

(Loconto, 1977); and an applied course for the scieace v 

and engineering techriology (SET) curricu'lum (W9lf , 1975) . 

Preparatory Chemistry Courses (PRfiP) 

This group includes, courses to prepafe students 
for other introductory chemistry courses, primarj.ly 
the scieno^ ma jors -course and are deeigned for students 
with no pr^ious chemistcy or weak chemical backgrounds 
whose educational programs require on^ of the other 
introductory chemistry courses or sequences. Generally, 
the courses ioclade an i^n traduction to" the principles 
. of chemistry, including- the modern ^concepts of atomic 
•structure as a basis for understanding . valence , ^ 
l^ormulas-, equations, and chemical reactions and 
an emphasis ofi chemical calculations (CCSS) . ' '' 

Jn practice, many students • enter two-year colleges 
without high school chemistry or with a. weak background' 
in the science. Additionally, many students ha\^ avoided 



the high school, mathematics courses recommended for students 
who intend to pursue science and engineering majors in 
college; whereas, others may have completed such courses 
but cannot apply their mathematical sl^ills and techniques 
to solve problems characteristic of general chemistry. 
For reasons such as these, the ACS Guidelines (1970) 
recommended that a one semester course in elementary 
chemistry be offered for Students who have had no previous 
training in chemistry or who have a poor high school ' 
background. Similarly, the ACS Criteria (1977) recommended 
three semesters for the under-prepared student to accomplish 
what the well-prepared student could do in two. Such 
a one semester course would, be a suitable prerequisite 
^to, subs ti tat e for a year of high school chemistry in 
qualifying the student for the year cou-rse in general. 

chemistry. ^ ' 

Studies conducted by the National Association of 
Secondary School Principals on the causes of 'the under- 
preparation of college students, and by the College Board 
on the decline in SAT scores, have implications for college 
chemistry. Furthermore, the teaching of college chemistry 
to ulider-prepared students^, who cannot meet the demands' 
of a rigorous college program is becoming a growing national 
concern of educators (Taft, 1S|79) . Taft infers from 
the- avai-lable data that although a relatively small number ( 
of students are prepared fo*r the general chemistry course ^ 
a' far* larger group need the remedial- courses currently 
offered by meyiy colleges as prerequisites for the more 
demanding general chemistry courses v ' S^cb' preparatory/ 
courses require considerable faculty time and money; 
however, they are essential to av6id high dropout rates 
from the general chemistry courses or tihe lowering of 
standards- among college graduates in the science^, 
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The Subconuni ttee" on the TJnderprepared Student -(J^otnik^ 
1974) studied chemistry student deficiencies in 391 colleges 
including 125 two-year institutions • The six deficiencies 
reported mog^t frequently by *the two-year qolleges were 
identical^ in rank order with those of the four--year colleges 
in all cases, however, the^ deficiencies were mentioned 
more, frequently by the two--ye^r respondents. These <3ata 
support a widely "^voiced contention that student^ centering, ' 

-two-year colleges are* leis.s well prepared, on the average, 
for i^oi>lege chemistty than those enter ing four-^year ^colleges 

PREP qhemistry courses were offered by 26 piercent 
of the colleges; they accounted for five percent of all 
phdmist^y courses as w^ll as ten per.cent of th^ lecture 
an^ six/ percent of the laboratory sections'* (Table 2). 
The PREP courses tertd to differ from each other in length, 

^ one term or ty/o or more terms; in relationship to enrollment 
in general chemistry,, prerequisite to or concurrent with; 
and in emphasis, introduction to chemistry or chemical 
calculations. From Table eN^^note that the predominant 
type is a one term ccfArse, introductory to general .chemistry 

K<A Iff 

offered by 22 percent of the c<511eges^ - 

PREP courses were less apt than most other types' 
to include^ laboratory work; only 48 percent were lecture-- 
laboratory, 33 percent were lecture only, an4 15 percent, ♦ 
were classed as 'other'. Most 6ne- term preparatory courses 
meet for three (4.4%) or four (21%) lecture hours and 
two (26%) or three (33%) laboratory hours per week although 
26 pefecenih have no laboratory. Credit is distributed 
primarily among three (33%), four (35%) and five (26%) 
unit courses. Prerequisites were minimal, 77 percent 
require no mathematics, 9? percent no chemistry and 97 
percent no test results. 
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Table 6 

Preparatory Chemistry Courses (PREP) , 
Two- Year Colleges, 1977^78 



Type of Coarse 



Percent of Colleges 
Listing This Type 
Course 
in on 
Catalog Schedule^ 
(n=175) -(n=175) 



One Term Course 
Prerequisite to 
General Chemistry 
(n=33) 

Two or More Term 

Course Prerequisite 
to General Chemistry 

« (n=4) 

Concurrent Course 
with ^General 
Chemistry (n=4) 

Chemical Calculations 
Course (ii=7)- 



25 



22 



Percent of 
Total PREP 
Courses ot 
This Type 
Scheduled 
(n values 
at left) 



91 



100 



"75 



57 



Percent of 
Total PREP 
Courses on 
Schedule 
(n=51) ' 



76 



8 



8 



PREP courses were more apt to be found in the west 
(50% of the colleges) or south (24%) region than in the 
middlfe states (19%) , midwest X15%) , northeast (9%) or ■ 
niountairt-plains (5%) ; in public (25%) rather than private 
(7%) colleges; in comprehensive (10%)* rather than liberal 
arts (7%) or technical (6%) colleges; and. in large (56%) 
rather than in medium (27%) or sm^ll (6%) colleges. 



As with "the NSM Ah/i AH types of courses, there is 
no agreement on the./iytl*e6, Xor the PREP courses; 25 different 
titles were used fdf^39 one-term courses. Jhe moat frequently 
found were basic ohemistry (5), and preparatory ck^emistry, 
elementary chemij^M'r introduction to chemistry and chemistry 
(all 3) . 

Our f indioig/ on the frequency of preparatory chemistry 
offerings are/la(wer than t;hose reported nationally by 
Kotnik (I974/./ Kotnik determined that 43 percent of 
the Jtwo-yeat /colleges (n=125) and 30 percent of the four- 
year colleges (n='266) responding to the questionnaire 
offeredytemedial programs in chemi'stry. This study also ^ 
reveaWd that the precentage of four-year college remedial 
proglrams in chemistry (30%) more nearly approximated^ 
tbfeir percentages for mathematidb (53%), reading (41%) 
4nd English (41%) than was the case for the twb-year 
cplleges where chemistry (43%) was much lowe^ than mather , 
matics (91%) , "reading (83%), and English (85%) . Considering 
that 97 percent of the two-year colleges reported p^roblems ' ^ 
with under-prepared students, one must ask why more two-year 
colleges do not have preparatory courses in chemistry? .; 

V A variety of approaches have been attempted in both . 
the content and instructional methods for PREP courses 
(Gay, 19.71; Kotnik, 1973; Krajinich et al., 1977; Meckstroth, 
1974; Santiago, 1971; Sherman fiu'Sherman, 1976) ^s well 
as in studying and reporting the success of these courses 
in preparing students for general chemistry (Coley* 1973; 
Krannich et al., 1977; Mooney, 1965; bzsogomonyan & Clinkscales, 
1977; Schauraburg, 1973). ' - 

General Chemistry for Science and Engineering Majors, (GEN) 

These courses satisfy the general chemistry, including 
qualitative analysis, requirements for students 
majoring in any of the physical or biological sciences, 
engineering or pre-prof essional health sciences 
p^girams. , They include the ^tudy of the fundamental 
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theory and principles of atomic and molecular structure 
and chemical interactions as well as the chemical 
elements aflTJ their compounds. Also included are 
periodic relationships, acids and bases, physical 
states of matter, electrochemistry, ox i da tior\r- redact ion, 
solutions, thermodynamics, kinetics, equilibrium, ^ ^ 

nuclear chemistry and an introduction to organic 
chemistry. The laboratory often includes qualitative 
analysis of common ions and elementary quantitative < 
analysis techniques. .These courses are generally 
organized into a one-year sequence and tend to rely 
heavily on prerequisites (CCSS) . 



The basic chemistry course' for science majors in 
a two-year college program should be a one-year course 
in general chemistry with laboratory (ACS, 19^70). Recom- 
mended prerequisites for this course are a year of high 
school chemistry and high school mathematics through 
the second year of algebra, with a year of high school 
physics desirable. Furthermore, the course should involve 
a minimum of three lectures or classroom sessions per 
week ,^ a minimum of three- hoOkrs of laboratory per week, 
and one or more hours of reci*tation - a minimum of seven 

Ir more hours of class per -Week. The Guidelines also 
Q^e that many 'four-year colleges have four to six hours 
of laboratory per week and suggest that in some cases, 
eigT^t» to teo class hours per wefek is desirable. The 
suggestion is also made that the laboratory work may 
include a limited amount of qualirative analysis as a 
means for teaching basic equilibrium principles an,d the 
chemistry o^ a limited number of elements. Additionally • 
they report that many freshman courses in four-year inHtitu- 
tions include work in quantitative analysis done to a 
precision of a few parts per 1000, and in sufficient' 
am^ount to provide .experience in gravimetric, titrimetric 
anfl very basic instrumental methods. Some aarg6 universities 
have a -separate first year course for chemistry, ma joi;s. * 
Many, however, do not, and most smaller universities 



and four-year colleges as well as the two-year institutions^ 
'offer a single course of this type. A strong driving 
fprce in this directibn is the desire of. the professional 
groups and academic departments in the other sciences 
and engineering that their students satisfy the general 
chemistry course requirement* through a program at the 
same level of chemical, n).ath^mat ical and physical sophisti- 
cation as do the chemistry majors. 

GEN chemistry courses were scheduled by. 83 percent . . 
of "the colleges accounting for 33 percent of the courses, 
3Q percent of the lecture sections-, and 44 percent of 
the laboratory -sections (Table 2). How do the GEN chemistry 
courses in .the two-year colleges compare to the Guidelines 
recommendations? . * 

Only 45 percent of th^ GEN chemistry sequences require 
high school^ chemistry to ent^r the first term; another 
seven percent recommend it. ^An even, smaller group (38%) . 
re<juires tlie completion of two years of higl) school algebra 
or more mathematics t9 enter the sequence. Two percent 
recommended high school physics. At the opposite extreme, 
46 percent of the sequences have no prior chemistry prerequi 
site and 38 percent require no mathematics* Consequently,- 
we conclude that more GEN chemistry sequences fc^ll short 
of the prerequisites in the Guidelines than meet or exceed 
them. At this point we racist draw attention to the,, chemistry 
faculty,' (63%) responding to the Center Instructor Survey 
(Appendix's) who indicated that to improve the course^ 
they needed students bd^ter prepared to handle the course 
work;, this response was the highest of any field on any 
'of the 16 items,. Additionally, 35 percent cheques ted 
stricter prerequisite^ , a need exceeded only, by respondents 
from physics, mathematics,, and biology. Tweljve percent 
of the colleges indicated in the catalog that test results 
we.r>e also; con«i4ered in determining readiness to enter 



the general chemistry sequence: five colleges used chemistry 

tests; five, mathematics tests; two, the ACT; and seven 

were unspecified. Considering both the prerequisite 

and survey data, we conclude that mapy two-year colleges 

must increase their prerequisites for general chemistry 

as well as enforce the existing ones and, possibly, validate 

the student's preparation by an examination. * 

Now considering the time requirements, only 39 percent 
of the sequences average seven or more hours per w^ek 
per term; 49 percent average six hours. However, l4 
percent require nine or more hours and 12 percent less 
than six. The minimum of 3 hours of laboratory per we4;k 
per term is met by 86 percent of the GEN chemistry c6urses; 
in fact, 26 percent require the four to six houcs suggested 
by the - Guidelines , but 15 percent require less than three 
hours. Therefore, . we conclude that the majority of the 
GEN cheftiistry sequences in the two-year colleges fall 

•short of the total time and suggested laboratory time 
of the Guidelines , although , „six out of . seven satisfy 
the minimum laboratory hour requirement. Most GEN chemistry 

•sequences (56%) grant eight semester units, although 
39 percent grant 10 or more units credit. ' 

since the course descriptions in the 6ollege catalogs 
are bighly diverse ,ip style and content, we were unable 
to jbdncilude in .percentages hqw extensively qualitative 
analysis is included In general chemistry. Perusal of 
the deseript ions durinc^^ the classifications suggested 
that a high percentage include some qualitati»e analysis 
during the l^st term of the sequence but failed to provide 
any senjSet of how extensive qualitative analysis is in 
iny course. .This salme review process provided even less 
infoi;ination about the inclusion of work in quantitative * 
analysis in 'general chemistry. " ^ ^ • 
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One of the^most important findings of this study . 
is that as the number of contact hocirs per week for the 
general chemistry course sequence increases, the more ^ 
apt the college is to require a previous course in chemistry 
to enter general chemistry. The data supporting this 
observation are as follows: 

90 percent of the nine contact hout sequences require 
chemistry; . ^ 

. 48 percent of the' seven contact houj: sequences require 
chemistry; 

,38 percent of the six contact hour sequences require 
chemistry. « 
Therefore, we must ask how colleges with only six contact 
hours per- week per term for general chemistry justify 
so little time for the course, especially when they are 
apt to allow less qualified stude^its to enter. The converse 
must also be asked. Bow can these colleges allow students 
' with as little chemistry and mathematics preparation 
to enter a GEN chemistry course for which sd little class 
time is allowed? ' 

General chemistry sequences may be classified into 
low level (prerequisites less than stated in the ACS 
Guidelines ) ? high level (prerequisites equal or exceed 
the Guidelines , but calculus is not required); caJ^puluS 
based; specialized courses for engineering, biology/hea'lth 
science, or agriculture.majors; and separate qualitative 
analysis courses (Table ?)'. The low level QEN chemistry 
sequence predominates. Fifty-eight percent of the high 
level sequences (13% of all the sequences) satisfy the 
Guidelines recommendations on class and laboratory' h'oufs 
per week. None of the calculus basedy^or specialized 
courses meet all the criteria. Consequently, only approxi- 
mately ohe of every eight of the GEN chemistry course 
sequences met the ACS Guideline criteri'a. 
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General Chemistry 


Courses 


for 




Science and Engineering Majors (GEN), 




4 ' Two— 


Year Colleges, 1977- 


78 ■ 




Type of Course 


Percent of 


Colleges 


Percent of 


Percent of 


Listing This Type 


Total GEN 


Total GEN 




Course 


Courses of 


Courses on 




in 


on 


This Type 


Schedule 


▼ 


Catalog 


Schedule 


Scheduled 


(n=366) 




(n=175) 


(n=175) 


(n values" 








at left) 




High Level^ (n^85) 


21 . 


.21 * 


95 


22 


Low Level^ (n=284) 


68 


67 


98 


76 

« 


Calculus Based^ (n=4 


) 1 


1 


100 


1 


Specialized ■ (n=6) 


2 


1 


33 


1 


Qual Anal® (n=^4) 




1 . 


25 


^1 



^Requires or recoimends one year of high school chemistry 
or equivalent and a minimun of two years of high school 
algebra as a prerequisite. 

' ■ - r 

'^Requires less than the prerequisites in a. ' \ 

^Requires completion of a concurrent enrollment in a 
calculus course. 

^Courses designed primarily for engineering. majors or 
agriculture majors or biology and health science majors. 

■ ■ ■ ■ ' ■ (' ■ ■ ■ 

^Separate courses in qualitative ati^alysis only. 
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None of the two-year colleqes offered a separate • 
general chemistry course f or , chemist ry majors; however ^ 
eight -percent of the -colleges included two GEN chemistry 
sequences^ most ^ of whioh differed in hours, required and 
prerequisites. The GEN chemistry courses that satisfy 
all of the Guidelines- recommendations are more apt to 
^e located in the west (54% of the western* colleges) , 
midwest .(23%) or middle states (19%) regions than in 
.the south (11%), mountain- plains (6%) or the northeast 
(none) ; in public colleges (24%) than private (4%); in 
large sized colletgejs (56%) rather than medium (23%) or 
ill .(7%) . 

Although 26 different titles were used for naming^ 
the GEN chemistry courses, there was more agreement than 
for the other introductory chemistry subcategories.. 
General chemistry was used for 56 percent of the sequences 
■and in combination with other terms such as college; 
, inorganic and qualitative analysis by another 17 percent. 
College chemistry ,(9%) in a combination (7%) was the 
second most popular term followed by inorganic (9% includinq,. 
combinations) and principles (5% inclufaing combinations) . 
Qualitative or quantitative analysis were used in 10 ' 
percent of the cases. To avoid confusion and misinterpre- 
tation in transferring, papers presented at meetings, 
marketing of instructional materials, and the literature 
of -chemical education, we believe the terms general, 
cMlege and principles should be reserved, for the GEN 
chemistry type course and other terms lised for the NSM, 
AH, TECH and PREP courses. ' > 

The course content for general chemistry - nationally,, 
all types of colleges - has been studied by analysis 
of final examination questions (Goldsmith, 197a; Yciung, . 
196.4) and by a rating of topics by fiiculty (Jones & Roswell, 
1973; Nechamkin, .1961) ; in both methddd the later study 
found a slight shift in emphasis towards more theoretical 



and less descriptive topics. Additionally, the donte^t 
has been described for specialized general chemistry 
courses for students in ^gr icultj^rV;4ind natural itesources 
(Marshall, 1971); engineering (Krakower, 1973) , cind environ 
mental and applied, sciences (Krife, 1978) . 

Two-year college faculty h^ve been active in investi- 
gating various approaches to the individualization of 
instruction in general chemistry: audio-tutori ^il (Haggard 
1972; Howard, 1972, 1974; kunter, 1973; Stoke^> 1^74), 
PSI (Clevenger, 1975; JonA, 1977), programme] learning 
(Cheek, 1975) and open, laboratories (HamiltoJ & McMahon, 
1976), They have also used instructional methods aimed 
at taking advantage of student interests to iiak^ general 
chemistry relevant (DeLorenzo, 1976; Mitchelil, 1979; 
Suter, 1974). Additionally, they have studied extensively 
the relationship of test s^cores .to success in general 
chemistry. (Cangemi, 1972; Hein & Reifsnyder/, 1962; Mann, 
1976, 1977; Miller, 1974; Mooney, 1965) and found that 
several different tests, along with other flactors can 
be used to predict success or grades or identify students 
in need of remediation. 
Introductory Cour ses for Chemical Technolbities (CHM TCH) ' 

These cpurses are designed specif icaljly for first-year 
students in chemidal technology, chemical engi^eering 
technology, industrial chemistry or closely related 
occupational programs. They may include a general 
chemistry course as well as orientation, introductory 
Laboratory. techniques and chemical calculations, 
<^anic chemistry, and industrial chemistry courses. 
They generally emphasize laboratory techniques,' 
industrial chemistry ^and descriptive chemistry more 
and the theoretical aspects of chemistry less than 
the general chemis^try. courses above (<fCS3) . 

I 

The ACS Guidelines' (19701 recommend pajrallel programs 
at the two-year college, one for the transfer qtaident, 
(as described earlier), the other designed primarily 
to train chemical technicians who will entet industry 




aft^ a two-year program. The Guideline recomniendat ions 
forl^pecif ic transfer courses are not appropriate for 

- the terminal technician program; .the two purposes are , 

sufficiently different to make it desirable that separate 
courses be offered in the two programs. 

CHM TCH courses, the smallest of the iJtroductory 
chemistry subcat^gqries, were offered by only four percent " 
of ^he cplleges and accounted for only one percent of 

all chenristry courses; likewise ft)r both lecture ^nd 

. laboratory sections (Table 2). Table 8 shows the distribu- 
tion* of CHM TCH courses ampng ..three types: introduction/orientation, 
genera;L chemistry, and organic chemistry. General chemistry 
courses for chemical technicians, offered in three percent 
, of th^ colleges, constituted ^the majority of tliese" courses. , 
Most CHM TCH courses (S6%) include three hours of 
lecture per week. There is *po predominant laboratory . ■ ♦ 

hour pattern (range 0-9 with 3 and 5 hours each in 19% 
of courses). Fo*:ty percent pffered fo^ir units' credit 
and 40 percent either five or six units (range 1-7). 
Both lecture and laboratory were found in 87 percent . 

of the courses. ' " ^ . " 

C^M TCH courses are more apt to be found in the . 
middle west (15% of the cbll^ges) or soutb (9%)- regions 
than in the middle states (5%), west (4%) or northeast 
or mountain-plains (both none); public collies (12%) 
than private (4%); technical (11%) rather than comprehen- 
sive <8%) or liberal a^rts (none) y and large colleges , ' 
(16%) rather than medium (8%) oif small (4%),. * ' \ 
Although 60 percent o| these courses listed preregui- 
. , . sites, only 30 percent of the first term courses had 

'any listed. * Only 38 percent of the course titles specified 
chemical technology or technicians; the remaining titles 
. were similar to those us6d for general chemistry and. - - 

• ••• -• •.• • • ^ ^ ■ 

ERIC"'" :- . ..: ■ ■ ■ •. .. 



"Other courses of the chemistry curriculum, adding to 
confusion, ^ 

,, A study of chemical technology in the two-year colleges 
is not complete without mentioning the Chemical Technology 
Curriculutn Project (Chem-TeC) program (Pecsok, 1971) 
and the Wyoming Chemical Technology program ^ (Nelson, 

1975; Nelson et al.; 1976). The Chem-TeC materials have 

t 

shaped the curriculum of many two-year college chemical 
technology programs (Hallman & Neumann, 1976); whereas, ^ 

. t . 

the Wyoming project features integration of chemical 
technology and chemistry in the curriculum *^in an innovative 
two--year and four-year cqllege articulation program. 
Cherim (1975) describes a single course program with 

a biochemical orientation fop laboratory technicians 

*■ ■ 

in research laboratories which aims to givfe an Understanding 
of what modern instruments measure. ' 

If. 

Table 8 ^ 

Introductory Chemical Technology Courses (CHM TCH) , 
Two- Year Colleges, 1977-78 



Type of Course 



Percent of Colleges 
Listing This Type 
Course 



in 

Catalog 
(nal75) 



on 

Schedule 
in«175) 



Introduction or 
Orientaticfn to 
Chemical Technology 
(n=8) • 

General Chemistry for. 
Chemical Technology. 
(n-21) 

Orcianic Chemistry .^or 
Chemical Technology* 
(n«4) ' 



Percent of 
Total' 
CHM TCH 
Courses of 
This Type 
Scheduled . 
(n values 
at left) 

■ ' 

50 



Percent of 
Tdtal CHM TCH 
Courses on 
Schedule 

(n-16) 



25 



43 



<1 



75 



56 



X9. 



♦Does not requ:|rQ a general chemiy6try course as prerequisite. 
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Chemistry for Other Grouj^s (MISC-l) ' - 

This miscellaneous group includes courses for 
curricula or groups not covered above such as fir^ 
science , {>olice science^ and pr int ing . The content 
varies widely and is dependent upon the relationship 
of chemistry to the occupation (CCSS) . 

Some two-year colleges offer chemistry courses- for 
.curricula or purposes other than those discussed already - 
for example, courses for police spience or fire science 
i^ajors as well as the chemistry of printing of textiles.-.* 



Here again we fpund examples of \colleges serving the 
technical, and, perhaps, the broader educational needs 
of their students. These MISC-I courses are closely 
related to/a particular occupational program; generally, 
the progr^p^ grants them a minimum of time and prescribes 
content closely related to the chemical applications 
encountered in that occupation. 

MISC~I courses were limited to nine percent of the 
^colleges and accounted for only tl»o percent of the chemistry 
courses -offered, one percent of the lecture sections, 
and less than one percent of the laboratory sectipns 
(Table 2) . They -were the least likely of all types of 
courses to state prerequis^ites (38% of the courses) j 
also, the least likely to have lecture- laboratory (38%). 
Furthermore, 53 percent w^re lecture only courses, the • 
highest of any category."^ Onl^ one-half of the other . 
introductory chemistry courses listed in the catalogs 
were actually scheduled. 

The MlSC-I courses are differentiated by either 
the occupational groitp served or the area of applied 
chemistry considered (Table* 9) . 

Fire science courses pifedomi hated, accounting for 
nearly half of all the MISC-I group, although- they were 
offered in less than half of the colleges listing them 
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in the catalog. The majority of these courses are for 
three hoqrs lectuxe per week (61%) and no laboratory 
(55%) • Six of thp ^ight with laboratory use two hours 
per week^ Two-t^i^irds of the courses offer three -units 
of credit. 

Table 9 

Other Introductory Chemistry .Courses (MISC-I) , 
Two-Year Ccaieges, 1977-78 . , 



Type of Coarse 



Percent of Colleges 
Listing This Type 
' Course 



Fire Science 
(n=«17) % 

Printing 
(n=5)- 

-Police Science 
(Jti=»3) 

Other* (n=7) 



in 

C<ft:alog 
(n=175) 



8 
2 
2 
3 



on 

Schedule 
'(n=175) 

\ 

4 

2 
2 

Mdl 



Percent of 
Total 
MISC~I 
Courses of 
TMs Type 
Scheduled 
(n values 
at left) 

47 

?0 

• 100 

25 



Percent of 
Total MISC-I 
Courses on 
Schedule 

(n=18) 



44 
6 

17 



♦Included textiles, cosmetics, and photography chemistry. 



MISC-Ijj^cQurses are most apt to be £ound in the middle 
west (13% of colleges) or south (11%) regions than in 
the northeast (9%) , west (7%) , middle states (5%) or 
mountain- pi a ins (4%) ; in public (10%) than private (none) 
colleges; in large (20%) rather than medium (10%) or 
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sritall (3%) colleges. In all cases the names of these 
•courses carried the name of the occupational group (e.g., 
fire science chemistry) or the area of applied chemistry 
(e.g., textile chemistry). Description of courses related 
to the fire science (Fashing & 'Flynn, 1974) and police l 
science (Sauls & Wartell, 1976; Tyndall, 1975) chemistry 

curriculum show the applications of chemistry needed 

( 

by these students. v • \ . 

Analytical Chemistry Including Instrumental Methods (ANAL) 

These coui:;ses include the study of the theories, 
principles, and techniques of volumetric, gravimetric, 
and instrumental methods of analysis, including 
potent iometr ic , spectrophotbmetr ic,- chromatographic 
and other modern methods organized into courses 
such as quantitative analysis, instrumental methods • 
of analysis and special techniques for environmental 
analysis. Special techniques for clinical and indus- 
trial materials are included in the clinical and 
. industrial chemistry courses (CCSS) . 

A one-semester coarse in analytical chemistry is 
desirable in a two-year^college if such material is not 
included in the first year coi^rse. The course should 
be based on the one-year general chemistry sequence, 
and shoulds include lectures and laboratory work, including 
the use of .such instruments as a pH meter and spectro- 
phptometer, as well as experiments in gravimetric and 
volumetric analysis (ACS, 1970). 

Analytical chemistry courses*, the second lar.gest 
category of advanced courses, were offered by only 25 
percent of the colleges; they accounted for five percent 
of the chemisCry courses, three percent of the lecture 
e|i.nd three percent of the laboratory sections. ANAL courses 
were listed in the catalog but not scheduled by 23 percent 
of the colleges (Table 2) . The five types of ANAL chemistry 
courses (Table 10) differ in three ways: content, quanti- 
tative analysis techniques or instrumental methqds; length. 



one term or yeai;; and majors, science and health sciences 
©r chemical technology. 



Table 10 

Analytical Chemistry Coursi^s (ANAL) , 
Two- Year Colleges , ^977-78 



Type of Course 



Percent bf Colleges 
Listing This Type ' 
Course ^ 

in 

Catalog 



(n=175) 



on. 
Schedule 

(n=175) 



Percent of 

Total 

ANAL 

Courses of 
This Type 
Scheduled 
(n values 
' at left) 



Percent of 
Total ANAL 
Courses on 
Schedule 

(n=57) 



Quant. Analysis 
One Term ^=62) 


36 


18 


51 


56 


Quant. Analysis 
Chem. ;^ech. (n=12) , 


5 


r 

7 


75 


16 


Instrum. Methods 
Chem. Tech. (n=9) 


3 


3 ' 


100 

/ 


16 


Instrum. Methods 
One Term (n=13) 


•7 


'4 - 


\ 

54 


12 


Quant. Analysis 
One Year (n»19) 


5 


- 0 


0 


0 


The predominant ANAL course is 


the 


one-term quanti- 




^!Jitive, analysis course 


for science 


and 


pre-prof essional 





students. « Most (84%) one-term courses grant; four or, 
five units of credit and schedule, six hours. 2fis. laboratory 
(69%) and two hours of lecture (69%) . » They are most 
apt to be found in th^ west' (43% of the western colleges) , 
in a public college (20%), and a large college (36%) > 
They are least likely to., be offered in the northeast 
(no c^leges) -and the small colleties (11%). 



/ 

^ / 

The low figures for separate instrumental methods/ 
courses are most likely rationalised by the senior level 
'status ^-^post physical chen^istry^ of instrumental methods •* 
for chemis^cy majors; the lack of . such a requirement 
for- other majors; and the growth of separate instr umentally- 
oriented clinical chemistry courses for clinical laboratory; 
technology programs; as well as the cost of instrumentation. 

The recommendations pf the artalytical chemistry 
subcommittee of the curriculum committee -emphasize the 
total problem approach and the- use of real life samples, 
and give ideas, on the development of procedures and the 
choice of inst;:uments (Sherren, 197;2, 1974 a, b) . Two-year 
colleges include courses consistent with tljjeale recommendations 
(Hayes, 1979; Nordmann, 1972) as well as courts ^imed 

t 

at the interests of non-chemistry majors (Fulkrod, 1976") . 
Several aspects of analytical chemistry pf concern to 
two-year college chemists have recentiy. been studied: 
student attitudes' (Klatt & Slji^afer, 1974 and a comparison 
of the views of medical school and college teachers (Pickral, " 
1976). 

Organic Chemistry Including Biochemistry (ORG) 

Organic chemistry courses involve the study of carbon 
containing compounds in terms of , nomenclature , atomic 
and molecular structure, molecular geometry, stereo- 
chemistry, resonance, and reaction mechanisms for 
both aliphatic and aroma-t4c compounds, including ^ 
the hydrocarbons, monofuncl^ional and polyf unctional - 
* derivatives, carbohydrtates /and proteins. These 

courses may include experiences in fundamental labora- 
tory techniques and related theories as well as 
preparations, determination of properties, qlialitative 
organic ana-lysis and instrumental techniques. This 
subcateqpry also includes the study of the chemistry 
an4 metabolism of compounds, of biological interest 
including the chemistry of the molecular components 
of the cells, metabolism, biosynthesis and properties* 
of proteins, DNA, RNA and molecular genet i<6s. ^pecial-^ 
ized courses such as physioljOg^ical, clSemistiAr, nutrition, 
and pharmacology are included with the biological 
sciences (CCSS) . 
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If adequate faculty and facilities are available, 
the chemistry of a- two-year college can include a year 
course in organic chemistry, providing that it i's of 
the quality sufficient to allow a student to transfer 
credit earned in such a course to a four-year institution 
(ACS, 1970). Sucfh courses are very sophisticated at 
the Vo'ur-year colleges and transfer credits\may not be 
allowed unless the course is comparable in qualify; further- 
more, problems of acceptance will ariSyB for st\idents 
who wish to transfer with one semester, of organic chemistry. 
Additionally, laboratory work should be offered if a - 
lecture course, is offered. As -with .th| lecture course, 
thy laboratpry course must be of high xjuality tf transfer ' 
^dit is to. be expectecU this may require the use of 
semimicro equipment and instrumental methods. Two-year, 
colleges should not of f er'organic instruction for the 
chemistry majors transfer student unless th?», course meets 
qilgility standards consistent with neighboring institutions. 

;Howeveir\ since many- iionch<^iliis try major students require 

/a less intense and less sophisticated "course, it is reason- 
able to expect two-year colleges to include a ^ear of 
organic chemistry at a level to satisfy the heeds of 
the non-chemistry major (e.g. , ^^r^-medicine, pre-dentistry , 
and biology) when they ci(nnot jjusTtlfy meeting the, guideline, 

• requirements. This is consistent ^ith recommendations 
of the ACS Criteria (1977). 

We were unable to evaluate how well the organic 
chemistry courses of the two-year colleges match the . 
chemistry^lfiajor coi^rses of the university? however, the 

' course descriptions and recommended programs of study 
found in the catalogs reveal that, the organic courses 
are intended for pre-medical, pre-dental, pre-pharitiacy, ' 
pre-veterinary, biological science, biochemistry ,> forestry, 
and chemical engineering students among others 1 as well 
as for chemistry majors, ^ • ^ ^^^^"^ 
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ORG courses were scheduled by 64 percent of the 
/collegesj an additional. 10 percent .listed ORG classes 

in the catalog but did not offer them. " They were 22 ^ 
^ percent of all chemistry courses dnd 11 percent of sections, 
both lecture and^^lna^oratory (Table 2). 

The five types of ORG chemistry coursed (Table 11) A 
differ in three ways: content, organic or biochemistry . 
emphasi^s; lengthy one term, two quarter's, and a year; 
and majors, 'science and health sciences or cheaica^technology . 

Contrary to^the ANAL category, the pr6dominah^6RG 
course is the one year course" for science ma'jors; only 
""six percent of the colleges offered both the year cour&e 
and the short course in organic. Organic year courses 
are more apt to be found in the middle states (76% of 
the colleges), the w^stv (64%), and the sputh (61%). regions 
than in the midwest (56%), mountain-plains (41%) or northfeast 
(9%^ ; in public colleges (61%) than private (29%) j in 
large colleges (80%) than in medium ^63%) or s»all (40%); 
and in comprehensive colleges (66%) rather than liberal 
arts (20%) or technical (6%). 

Most (96%) of the individual courses of the organic 
year sequences are four (49%) or five <47%) units with 
semester colleges favoring four (67%) and quarter colleges . • 
.five (71%) . Three lecture "hours were scheduled for 78 
percent of the courses (86% semester, 67%" quarter ) . 
However, laboratory hours were more diverse, three used ^ • 
inVhalf (51%) of the courses (56% semester, 42% quarter) 
and/six in a quarter (25%) of the courses {22% semester, 
31% quarter). About 60 percent :of the courses were three^ . 
lecture, three laboratory , t four units (36%) or three 
lecture, six laboratory, five units (23%). 

Thl^e is more consistency in paming the organic, 
courses, 98 percent of the year sequences are aptly named 



organic chemistry; oSly 14 percent, of the short courses 
carry the same title, the others using a qualifier such 
as elementary, or brief course. 



Table 11 

Organic Chemistry Courses (ORG), 
Two-Year Colleges, 1977-1978 



Type of Course 



Percent of Colleges 
Listing This Type 
Course 



• in 
Catalog 

(n=175) 



on 

Schedule 
(n=175) 



Percent of 

Total 

ORG 

Courses of 
This Type 
Scheduled 
(n values 



Percent of 
Total pRG 
Courses on 
Schedule 

(n7235) 



Organic - One ^ear 
(n=227) 

Organic - One Term 
(n=»29) 

Organic - Two Quarters 
(n«16)- 

'Organic - Chemical 
Technology (n=18) 

Biochemistry 
(n«9)- 



61 
15 
6 
5 
5 



at left) 


56 


85 


82 

^ • 


10 


59 


7 


5 


- 62 




4 


72 


6 


2 


33 


1 






1 



• Prerequisites ior the year c<^urse "tend to agree 
with the Guidelines , 74 percent of the sequences require 
one year of general chemistiry; l^oweyer, 23 percent require 
only one semester or two quarberg. - ^ For the short course, 
prerequisites are evenly divided between one year and 
one term of gener^al chemistry. 



' Or ganio- chemistry courses have been stadied statewide 
in California (Mooney, 1967) and Texas (Walters, 1972); 
additionally, r.econunendations on content (Bunce, 1972; ^ 
Butler, 197^) and transfer articulation (AC^, 1967) are 
available.; \Inhovations in two-year college organic curric- 
ulum include\an analytical approach to the laboratory 
(Campbell, 1^,71) ; open-ended instrumental analysis experi- 
ments- (Vlassi? i -Cuplllariv 1970); a composite organic- 
biochemistry-anaXyti.cal program for the whole course 
(Juster, 1971)"^ and an organic-analytical and ii)strumental 
laboratory cour'fe for technicians (Sheaf fer , *1975-76) 
Instructional ihnovdltlons include a tutorial approach 
(Vikin, 1971), an individualized program '(Schoeb, 1973), 
and a non-lectupe approach (Harrison & Harrison, 1975), 
Industrial Chemistry and Chemical Enciineering (INDUST) 

This' area involves the study of the industrial appli- 
cation of chemistry organi2ed in-to courses such 
as industrial chemistry ,, analyses of industrial 
materials, unit operations, chemical process control 
and instrumentation, cheipical engineering calculations .\ 
Special courses based on the general chemistry course 
' and "which are related to petroleum, plastics and 
• paint are found here*(CCSS). , * . \ 

Colleges with chemical technology or chemical engineering 
technology pjrograras sometimes inclXide second year chemistry 
courses other than analytical and organic chemistry. 
Generally, these are related to chemical ,engineei?ing 
or industrial chemistry. - 

• Although seven percent of the polleges' listed industrial 
chemistry or chemical engineering, courses in the catalog, 
only four percent scheduled them and only half of the "'\ 
courses were scheduled (Ta)ale''2)^ The only courses found 
iXi more than one college were unit dpdraticfns (4 coOr'ses); 
chemi<?al engineering calculations (3 courses); industrial 
laboratory methods .(2 courses) ; and phemical processes 
(2 courses) , all in two colleges. Approjjima'tely half 
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(46%) of these courses qrant four units (range 1-5); 
91 percent include lecture, and 72 percent laboratory. 
Forty-five percent schedule three hours lecture (range 2- 
4) and labor ator ieis spread, from two to six hours. . 

The seven colleges of fering these courses are spread 
nearly evenly among the public institutions in the middle 
states (.2), south (2) and mid-west (3). Four are compre- 
hensive and three- technical in emphasis? four of medium 
and two of small size^ . , ' 

Clinical Chemistry (CLIN) 

vThese courses involve the study of the theory and 
.pracfice of qualitative and quantitative chemical 
analysis of biological fluids, especially human. 
Includes analysis for carbohydrates (€».g., glucose), 
enzymes, proteins, iipids, etc. as well as gastric 
analysis for the stool,' urine, and,v5erum contents. 
They emphasize instrumental methods such as flame 
photometry, spectrophotometry, electrophoresis, 
fluorescence, microgasometry, chromatography, and 
potentiometr ic techniques and may also include automated 
techniques and radioisotope methods. They are designed 
primarily* for medical laboratory technology programs 
' (PCSS). ' * • ^ 

^ As medical laboratory technology programs have been 

♦ " . 

introduced into the two-year colleges, courses in clinical 

chemistry have been intrpduced into the curriculum. 

The relationship of these courses to the chemistry faculty 

varies. In some cases, both faculty and facilities .are 

divorced from chemistry; in others, the chemistry faculty 

instruct in CLIN chemistry using chemistry • facilities . , 

These programs are generally not found in states where 

clinical laboratory technology requires a bachelor's 

■ ■ • ♦ 

degree and the occupational type 6f courses are essentially 
upper division. None of these courses appear to hav6 
any relationship to the recently developed m.ajors in 
clinical chemistry instltutied by some universities. 



CLIN chemistry courses were, offered by 16 percent 
of the colleges; they account for four percent of the 
chemistry courages and two percent of_ each of the laboratory 
and lectur^ sect)ions (Table 2) • The CLIN chemistry courses 
may be differentiated in terms of lengthy one term^ two' 
quarters, or one year; and prerequisite, one year of 
general che^aistry, or Less than a year'. TViey may also , ^ 
be differ en liated as academic type laboratory coAirses 
as opposed to clinical laboratory experience courses; 
only the former are considered in this report. CLIN, 
chemistry course sequerices are more apt to be one term 
(42%) or two quarters- (42%) than one year (19%); they 
are more apt to require. a year of general chemistry (50%) 
than, less than«a y^ar (31%) or none ("8%) - prerequisites 
were not listed for the remainder. Severity-two percent 
of all clinical chemistry Bourses listed in the catalogs 
were scheduled. - - 

The mode for CLIN chemistry course units was four 
(32%) ,- with five next (24%) and a range fi^om '1-10 units, - 
Three. lecture hours (41%) is the most frequently used, 
follWed by four (17%) and two (15%) with a range from 
1-1,0 hours. Laboratory hours range from 2-16 hours per 
week with thtee and six hours the mode (24%) , and 27 
percent of the courses in the 8 to 16 hojurs range. 

CLIN chemistry courses are more apt to be found 
^in the middle states (29% of the colleges), south (20%), 
'middle west (18%) or flvoun tain-plains (18%) regions than 
in the west or northeast, neither of which showed any 
CLIN courses. They are equally apt to be in public and 
private colleges (18% each) ; more apt to be in technical 
(28%) than in comprehensive (15%) or liberal arts (13%) 
colleges; and more apt to be in medium sized (23%) than 
large (12%) or small (10%) colleges. 
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:^lost CLIN chemistry courses (74%) aretisted in 

the medical laboratory technology ' (or sim^iiar term) section 

of the catalog; only 15 percent were listed in chemistry; 

th6 remaining ones were found under biology, allied health 

or medi-cal biochemistry. Clinical chemistry was'the ' 

mo^t popular title (59%) and clinical or medical, biochemistry 

next (15%), with seven other titles also used." «^ 

Other Advanced Chemistry Courses (MISC~A) / ' 

This category- includes all other chemi^ry courses 
following general chemistry such as physical chemistry, 
experimental methods, environmental chemistry, and 
chemical thermodynamics , (CCSS) .» 

; Occasionally a college will incLu<ae some Tother advanced 
c|;iemi3try course such as physical chemistry. Of the 
eight courses of this type, only. two physical chemistry 
courses were scheduled in connection with chemical technology 
programs; one in the south and. tile other in the west; 
one with laboratory and the otjier without. Two other 
physical courses were listed but not offered as were 
an inorganic course and an advanced experimental chemistry 
sequence. - 

V PATTERNS OF COURSES 

If two-yeatr colleges are to properly serve the chemical 
education needs of thedr heterogeneous student bodies, . 
they must offer several different introductory and advanced 
courses. Many of them do. 

We have considered the subcategories of chemj/stry 
courses nationally; herein we look at the total chemistry 
programs of individual colleges. Because much of tlj^^ 
resistance .for offering a comprehensive curriculum comeV^ 
from .administrative and sometimes faculty oppositioh 
to "prolif elating courses" it seemed appropriate to analyze 
the introductory and advanced chemical courses offered 



Table 12 

Number of Introductory Chemistry Courses or Sequen<?es 
Offered by TwS^Year Colleges Arranged by Size of College, 
Control , of College and Geographical Region, 1977-78 



Number of 

Introduc tor y 

Courses 

or Sequences 



(Percent of Total for Each College Group) 



By Size of College 



Small 
Colleges 
(n=72) 



Med i um 
Colleges 
(n=78) , 



Large 

Colleges 

(n'25) 



All 

Colleges 
(Ti=175) 



Non^ 


7 


1 


0 


3 , 


One 


40 


12 




22 


Two ' ' ^ 


33 


' 33 


16. 


' -31 ' 


Three 


10 ' 


32 


20 


21 


Four or More 




22 


64 


23 


By Control of Colleg^ 




Public 
;.tn=147) 




Private 
(n«28) 


None ' V 




'2 




14 


Qne 


• 


16 




50 


Two ^ 




31 


<r 


29 


Three 




24 




■ 4 


Four or More 




. 27 


• 


4 



By Geographical Region . 1 , 

Mountain Mid- 



•.Middle North- 





West 


Plains 


west 


South 


jState^ • 


eafet 




(n«28) 


(n=22) 


(n«39) 


{h=54) 


(n«21:) 


(n*ll) 


None 


. ^0 


5 


0 


2 


5 ' 


27 


One 


7" " 


27 


7 


33 


^ 24 


36 


Two 


.14 


45 


44 


26 


33 


18 


Three 


25.. 


14 


1 28 


- 24' 


14 


*0 ^ 


Four or 


Mpre 54 




21 


• 15 " 


24 


18 



Table 13 

Number of Advanced Ctremistry Courses or Sequences 

- Offered by Two-Year Colleges Arranged by Size of College, 

Control of College and Geographical Region, 1977-78 

Number 6f • ' < ;^ " 
Introductory ^' 
Courses - ' 

or Sequences 



(Percent., of Total for Each College Group) 



By gize og^ Co liege 

None : . 

One 
•Two 
Three 

Four or More 
By Control of College 

•None 
One 
Two 
Three 

Four or More - — ^ 
By Geographica>l Region f 



Small' 
Colleges 

/ i-fc T O \ * 


Medium 
Colleges 
(n=78 ) 


Colleges 
(n=25) 


All 

Colleges 
(n=175) 


49 


23 


0 


30 


33 




52 


39 


12 


21 


32 


. 19 


3 


10 


a 


7 


3 

^/ 


6 

Public 
'(n=147) 

25 

'42 " 


8 

• 


5 

Private 
. '(n=28j . 

57 

25 




*20 




' 11 




7 
6 




7 ' 
0 



None 
..One 
two 

Thireev * 
Four or, More 



West 
(n=28) 

18 

39 

.3^ 
'4 

• . 4 



Plains 
(na22) 

36 

41 

14 

<.G • 



Mid- 




Middle 


North- 


west 


South 


States 


east 


(n»39) 


(n='54) 


(n=2;) 


(n=»ll) 


21 


31 


24 


89 


41 


46 


29' 


. 11 


23 


13 


• 19 




8 


6 


14 


0 . 


a 


4 


14 


0 



by each college. Tables 12 and 13 show the distribution 
of introductory and advanced chemistry courses by, size 
of college, type of control and geographical region. 
Nationally, the average is approximately 2.5 introductory 
Qourses or sequences per col^^ege for colleges which offer 
these courses. The average is 1.7 advanced courses or * 
sequences per college for the colleges whrich offer advanced 
chemistry. Small colleges scheduled fewer introductory 
sequences and large institutionSj^more than the medium; 
public colleges scheduled' more than private; and regi<Jfial 
dif fereiv^e? '^ii^^ most pronounced^Jf^ween^the^w^^ an<*.., s . 
northeast. , 

Now turn f^g to the advanced courses, the small colleges 
were divided^lmost evenly between not offering and including 
them; on the other hand", all large colleges included * 
at lea'st one advanced course. Three-quarters^ of .the 
public colleges included advanced chemistry whereas fewer 
than half of the private colleges did so. As was the 
case for the introdactory sequences, more western polleges 
and fewer northeastern colleges included advanced^ c>^roistry.^ 
In contrast to't.he introductory program, the western 
colleges have not expanded their advanced chemistry program 
as much but -^tlie middle states col^leges include the greatest 
Variety in the advanced programs. - , 

What type of introductory chemistry predominates 
fiibong the colleges offering one, two,, three, and four 
intrfroductory courses? Also, what are their, tendencies 
in advanced chemistry? For colleges with one introductory 
program the single sequence tends to be GEN chemistry 
(61%) with nearly equal distribution among the NSM (16%) , 
AH (11%) and all other types (14%) .. None of these general 
chemistry courses meet all recommendations of the ACS 
Guidelines .. These colleges tend not to offer advanced 
chemistry courses (61%). When they do, however, the . 



tendency, is toward a single sequence (21%). The most 
popula^r advanced chemistryvprogram is the ORG year course 
(29%).*. 

For colleges with tw9 introductory programs, GEN 
chemistry sequences were the most popular (87%) followed 
by NSM courses (57%) and AH courses (33%). Four colleges 
have GEN chemistry -that meets all of the ACS Guidelines . 
T^e two sequences in these colleges are of two different 

types (e.g., GEN and NSM) in 96 percent of the colleges. 

Fifty-two percent offer one advanced course, 28 percent 
.offer none. The most popular advanced programs were 
the ORG year course (56%), ANAL (17%), and CLIN (13%) 
chemistry. ' . * 

For colleges with three intr<b^uctOTy programs, GEN 
chemistry was offered by 100 percent with the NSM (78%), 
AH (43%) and PREP (43%) chemistry courses also popular. 
With respect to the Guidelines , forty-six percent of 
the GEik chemistry sequences had seven or more contact 
hours; 24 percent more than seven; ^8 percent require 
high school chemistry and 38 percent require intermediate 
algebra or higher mathematics. Three or more laboratory 
hours were re<gfuire^ by 84 percent with 28 percent sctfedulin^ 
four or more. In 84 percent of these colleges, the three 
introductory courses wVre of three entirely different 
types. The ORG year course (62%), ANAL (27%) and Ci;.IN 
(22%) chemistry were the*^mc^t frequently included advanced 
courses. Advanced chemistr^ courses are offered by 81 
percent of ^the colleges; 43 percent, one course and 22.. 
percent, two. , . 

Colleges th four or* more introductory programs 
tend to be medium or large size; pifikicly controlled; 
located in tKe west, midwest or south; and comprehensive. 
Ninety-five percent offer GEN chemistry; '.whereast, the 
NSM and AH courses were each found in 79 percent* with 
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the TECH type (26%), and PREP courses (24%) also popular. 
Nearly two-thirds (65%) of this group of colleges include 
four different types of introductory chemistry sequences; 
12 percent have two \in general chemistry; and 15 percent, 
two for non*-science majprs. 

^even colleges (18'%) have general chemistry programs 
which meet ^^ti^ ACS Guidelines on all counts. Fu^rthermore , 
this group of colleges tend to have the most extensive 
and highest level of general chemistry courses. Half 
schedule 7 percent or more. contact hours, with 26 percent 
at the nine or more level; additionally, 89 percent include 
three or more laboratory hours with 40 percent at the 
four or more level (24% actually have 6 hours). For 
prerequisites, percent require high school chemistry, 
and 42 percent intermediate algebra or higher. 

Although 95. percent of. these colleges offer advanced 
chemistry they do not have a^ extensive offerings as 
at the introductory l/5vel. Thirty-eight percent schedule 
only one advanced course and 38 percent, two. The ORG 
(yeat) (80%) , ANAL (-50%) and CLIN (28%) programs were 
the most popular advanced offerings. 
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PART 11 . ^ 

THE INSTRUCTOR SURVEY * 

METHOD , . 

The same random sample of 175 colleges employed 
in the Ceater far the Study 6f Community Colleges Curriculum 
Study was used in the assessment of instructional practices. 
, After identifying the science courses on the schedules, 
individual class sections were selected by drawing every 
thirteenth lecture section in each of the six major science 
curriculum areas. After randomly selecting th6 first 
college, the selection process continued . automatically 
self-randomizing. A questi^onnaire survey form (see Appendix 
B) was. distributed to the instructor of each section 
identified as above. Returns wejce handled in such a 



way to«guarantee confidentiality to the respondent 

but still provide for follov/-'Up on the retrieval of surveys 

from non--respondents • 

Questionnaires were mailed to 1683 instructors of 

sectionsyin all fields i^Q^ spring 1978, after the completion 

of the fall term, 1977 to which ^ the survey was confined. 

* • . 

One' hundred fourteen surveys were not deliverable due 

to death, retirement, -leaves and dismissals and other 

.reasons. Additionally, 77 surveysTtere returned for 

Gancelled' sections. Of the remainiii^ 1492 deliverable 

§urveys, . 1275 were returned to the Center, a response 

rate of 85,5 percent. ^ . >^ ' 

». The«82 responses from chemistry faculty reptG^ten^d 

6.4 percent of the returns compared to 'Tca'^l^. 5%) from 

biologists and 45 {3.5%) from physicists. Introductory 

chemistry sections accounted for 80 percent of th6 returtia 

and 20 per-cent came from advanced sections; 83 percent ' 

of all chem.istry lecture sections were introductory and - 

17 percent advanced. The percentage of the returns attri^ 

utable to chemistry, biology and physics faculties wasj^ 

higher than the proportionate representation of these 

sciences among the sections surveyed: chemistry (5.1%) , 

biology : (10.5%) , and physics (3.2%), 

The findings from this survey of most significance 

. .. V 

-to ocKemistry are presented! and' discussed in the following 

* j« *' • ■ * 
^sections. All tables include data for biology and physics 

as wel^L as 'chemistry and the data for aj.1 twelve groups" ' 

combined into an all science group. 

RESULTS ' • 

Goals 8r Qualities Desiredvfor Students 

The abilities students are expected to demonstrate 
aire a function of the goals the faculty member has for 
the course* Consequently^ instructors wei;^ asked to 

9 
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select oue quality from each oC three set6 6f four t^at 
they most wanted their students to achieve in Specif led 

course (Table 14). 

Functions of Courses and gtudent Majors 

Sixty-three percent of the chemistry faculty indicated 
that the course al?out which they were responding either 
paralleled or was equivalent to a lower division course 
at a four-year college. Transfer science and engineering 
majors were included in 56 percent of the courses, allied 
health or natural resource majors in 38 percent, and 
non-science majors, 18 p^cent. The total of these figures 
is greateef than 63 percent ^ecause many introductory 
chemistry courses are multifunctional, serving two or 
more .groups of atudent majors.- 

Chemistry had the highest percentage of all the 
sciences on courses for transfer science and engineering 
majors; whereas, di\l.y engineering (5.6%) was lower than 
chemistry in the non-^^cieiice' major category. This reflects 
the observation that students tend to enroll in chemistry 
^courses as they are required in their programs by the 
college and where there is a choice they do not elect 
chemistry (Kunkel, 19*69). 

. Amdhg our respondents, chemistry courses f?>r the 
occi»?c;Jbional group? were about equally "divided between 
the "ffW^d health and science-engineering technologies. 
Remedial coupes in chemistry, were second highest to ^ 
mathematics (3^>^. dt^all the sciences^ only physics 
is lower than chemistry in sections described as bein^ 
for further education or personal upgrading. Only phj^ics, 
engineering, and agriculture offer a lower percentage 
of sections designed for the genetal education of non- 
science and non-occupational students than does chemistry. 
Thes-e data suggest that chemistry faculty need to look 
for innovative courses or ways to interest^ the general ^ 
student in chemistry. ' * . 
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•Table 14 

Response to Questions: Instructors may "desire many qualities 
for ^heir students. Please sel^t the one quality in 
the following list of four th.at you most wanted your 
students to achieve in the specified course: by Science 
Faculty, Two-Year Colleges, Fall^erm, 1977. 

Percent of Total Respondents for Each Set 
Chem Biol Phys All Sci 

SET ONE (One only selected) (n=82) (n=160) (n=^45) (n='X275) 

Understand/appreciate 22 48 16 27 ^* 
interrelationships of * 
science &\technology 
with sogidty. J. , ... 



education. 

Understand self. i 9 q 

Develop the ability to 55 48' 67 

think critically. 
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48 



Be able to 'understand 0 1 0 

scientific research .... 
literature. 

Apply principles learned 65 42 76 

in course to solve 
qualitative and/or 
quantitative problems. 

Develop proficiency in. 10 7 ^ 

laboratory methods and 
techniques of the 
disciplin#. 

SET TWO (One only selected) 

» Relate , knowledge acquired 23 42 47 

in class to real world 
systems and problems. 

Understand the principles, 67 55 44 .43 

concepts, and terminology 
of the discipline. 

Develop appreciation/ 5 1 4 2 

understanding of • 
scientific method. 

Gain "hands-on" or field 4 1 4* , g 

experience in applied 
practice. y . 

SET THREE (One only^elected) 

Learn to use tools of 9 1 

research in the sciences. - 

Gain qualities of mind 31 40 24 ^ 33 

useful in further 



9 
47 



students 

According to the responses to the Instructor Sur vey^^ 
chemistry enrolled an average of 30 students per lecture 
section^ However ^ only 78 percent of the chemistry students 
were reported as completing the course with a grade, 
lower than all fields except for mathematics and the 
earth sciences.^ 

Of the initial enrollments in chemistry , 53 percent? 
were male and 47 percent female, close to all the sciences 
and much different from biology favoring females 2 to 
1, and physics favoring males 3 to 1. This is explainable 

because chemistry draws , heavily from both the allied- 

health - biological science programs (female dominated) 
and the engineering - physical' science programs, (male 
dominated) • There is no significant difference between 
the male and female completion rates in. chemistry, both 
78 percent; in contrast, both biology and physics have 
about 10 percent higher cpmpletion rates- for males ^ 
V Instructional Mode 

Major contemporary issues in chemical education 
include questions about the necessity of laboratory work 
in introductory courses and the rieed for the individualiza- 
tion of instruction. Our survey of catalogs and schedules 
made possible a profile of the lecture and laboratory 
modes of instruction for each subcategory of chemistry 
courses (Table 15)1 These resources were ii?St(if.icient 

> 

to reveal the extent to which l^he various individualized 
instruction schemes were employed. Overall/ the combined 



These figures differ from other re^ported information 
because initial enrollment dates were not specified. 
Further, data do not specify whether students were included 
who completed a course with a grade of P or W. 
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Table 15 

Ins^b^uct ional Mode for Chemistry Courses, 
^ Two-Year Colleges, 1917-18 

Category of Course Percent of Courses of A Subcategory 



Lec 
Lab^ 


Lgc ^ 
Only" 


Lab 
Only^ 


Other or. 

t Cl 

Unknown 


(79) 


(14) 


(5) 


(2) 


78 - 


16 - 


3 


3 


78 


15 


5 


2 


70 


22 


9 


0 


48 


33 


4 


15 


85 


8 


. 6 


1 


87 


13 


0 


0 


38 


53 


5 


5 


(82) 


(11) 


(7) 


(^1) 


92 


^6 


2 


0 


\Q0 


'12 


8 


0 


64 


29. 


7 




83 


9 


6 


2 


100 


■J 0 


0 


0 



INTRODUCTORY^ 
Non-Science (NSM) 
Allied HeaUh (AH) 
Engineering Techn (TECH) 
Preparatory (PREP) 

« 

General Chem (GEN) 
Chemical Techn (CHM TCH) 
Other (MISC-I) 
ADVANCED 

Analytical-Instr (ANAL) 
Organic-Biochemistty (C^RG) 
Industr. & Chem 

Engr. (INDUST) 
Cl,inical (CLI^) \ 
Miscellaneous Advanced - \ 

(MISC-A) , .1 

Lecture-laboratory courses require students to be enrolled 
in lecture and laboratory sections both whether they 
are listed combined or ^is separate sections or courses 
on the schedule. 

« 

^Lecture only co'urses have no related laboratory component 
or have an optj/)iial> separate laboratory course.. 

^Laboratory orvly courses havS'^ scheduled or required 
lecture section or course. 

^The other category includes courses requiring field 
trips and those which are heavily individualized as 
well as courses for which no information was available. 



lecture-laboratory^ mode was used in nearly four c>ut of 
every five chemistry courses, with only one of seven 
courses using lecture only and one of twenty laboratory 
only. Only the preparatory and other introductory cate- 
gories have less than 50 percent lecture-laboratory. 

The lower laboratory requirement for preparatory ^ 
courses is accounted for by an emphasis on problem solving ' 
and the fundamentals of^ chemical communication in many 
of these courses and the use of personalized systems 
of instruction in others. The preponderance of the lecture 

• v^, 

type of the miscellaneous, groups is a consequence of ^--^ 
their primary purpose^ which is to communicate the chemical 
information necessary for a given occupation. 
Use of Class Time 

The Instructor Survey delved deeper into the -use 
of instructional techniques than did the catalog and , 
schedule analysis. The faculty were asked what percentage 
of class time was devoted to those activities listed 
in Table 16. The almost unanimous use o€ lecture (98%) 
and examinations (96%) was expected, as was the high 
usage of 61ass. discussion (83%) and laboratory experiments 
(80%). However, considering the nature of the subject 
and the availability of suitable materials, the utilization 
of lecture demonstration experiments (58%) and media 
(46%) are disappointing and should be of concern. Further- 
more, this is not in line with the Criteria statement 
(ACS, 1977) calling for use of lecture and demonstration 
experiments as well as the oewer types of Xeairning and 



3 

Some colleges list and schedule the laboratory as a 
separate course but require concurrent enrollment; 
such cases were counted as a single fcourse in the lecture- 
laboratory category, ' — ' 
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media resources. Chemistry faculty should be aware of • 

the results of research such as that by Talley (1972) 

and Zimmerman (1972). The former found that the use 

of 3-dimensional models of each chemical species and >. 

interaction under consideration produced significant 

differences in learning in the are^s of analogy, knowledge, 

comprehe\|ision,. analysis and evaluation. The latter found 

that the film treatment of atomic structure and bonding 

for community college general chemistry students prjj^duced 

higher mean scores on achievement test, retention test, 

and attitude post test-^than did lecture-film or lecture 

only treatments. The low utilization of practical 6xami- 

* 

nations (27%) argues for research and development in 
this area. - y * ^ 

The recent interest in learning theory among chemists, 
primarily Piaget's work and chemical education, is summar- 
ized in a resource paper (Qood, Kromhout, & Mellon, 1979) 
and two papers presented to a two-year college audience 
(Fowler, 197^-1977; Herron, 1976-1977). Efforts among 
two-year coTlege faulty to provide instruction directed 
toward concrete thought processed, with the aim of helping 
the student advance from the concrete to the abstract 
(Piaget's formal operational level), include the use 
of desk-top kits (Jaker, 1977) and models to represent 
or simulate concepts (Grotz, 1976-1977). 

In addition to an analysis of th^ frequency of use 
of these techniques nationally we established tt^fe profile 
for the average course presented in Table 16. As ej^pected, 
faculty lectures and student laboratory experiments account 
for more than two-thirds of chemii&try class time, with 
ab^ut one-reighth of the time devoted to evaluation items. 
A comparison of the chemistry profile to those for the 
average classes in biology, physics or all the sciences 
may be obtained by examination of the table. 

- 60 ' 



Table 16 

Allotment of Class Time in Science Classes, 
Two-Year Colleges, Fall Term, 1977 



Estimated Percent jof 


Total Class Time 


Type of Activity 

f 


Chem 


. Biol 


Phys 


All Sci 


(n=82) 


(n=160) 


(n=45) 


(n=1275) 


Lecture 


41 


44 


37 


45 . 


Laboratory Exper i|nents 


30 


23 


27 


• 11 


Quizzes/Examinations 


11 


7 




10 


Class Discussion 


9 


7 


^1 


15 


Lecture Demonstration' 


3 


4 


7 


3 


Experiments 










Film or Taped Media 


2 


7 - 


1 


* 4 


Lafb Practical Exams/Quizzes 




• 4 


1 


2 


All Others 


2 


5 


8 , 


10 



Use of Instructional Materials 

To what extent do faculty use .print and non-print instructional 
materials? These questions wer« asked of the faculty 
because books occupy a central place in higher education 
and because different forms of media ai^ often integral 
to attempts to give every student • an "equal eyeball opportunity" 
to see chemical phenomena, to visualize chemical structures 
or to see* chemical procedures properly performed. Additionally, 
since media' are^enerally extensively involved in instructional • 
' innovation, we a>^ed the faculty to indicate how often' 
they used various materials. The responses are summarized 
in Tables 17 and 18 for media and printed- materials, f 
respectively, with data for chemistry^ biology, i)hysics' 
and all sciences included. 
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Utilization of Instructional Medkid *R^porte(3 by Sciei>GG 
^'acuity, Two-Year. Colleges, Fall ^orm, 1977 ^ 



't'ype of Instructional 
Mttdia 



t»ercent of Total Faculty Utilizing 

Media Frequently (Fr) and Occasionally (Oc). 



i 



Chem . 
(h«82) 



Biol 
(n«l60) 



Phys '^1 acience 
(n=45)'' (n=li75) 



specimens 
TV 

Other 



0 

1 



4 

1 



1 
2 



12 
2 



.0 
7 



9 
0 



f . 


Fr 


Oc 


Fr 


Oc 


Fr^ 


0®. 


PC, 


Oc 


Scientific instruments 


51 


35 


42 


34 


64 


31/ 


18 ' 


21 


Thr,ee dimensional models - ' 


42 


50 


34 


42 


7 


'49 


10 - 


-27 V 


Maps, charts, illustr''. 


42 


33 


35 


45 - 


-^22 


36 


20 ' 


36 


"displays 


















Lectuxe/demonstr expts 


38 


34 


18 


36 


51 


38 


10 




"'Overhead proj transpar / 


31 


,35 


45 


,28 


13 

4. 


40 


20 


27 . 


Audiotape/f ilm/combin 




23 . 


7 


; 26 


0 


■ 4 


3 


16 


Film? 


2 


52 


16 


59 


0 


51 


9 


40 


Slides . 


I 


28 


26 


49 


0 


16 


8 


22 


Audiotapes/cassettes/records 


2. 


21 


6 


21 


2 


11 


3 


17 


Single concept film loops 


* 2 * 


17 


4 


38 


7 


47 


1 


12 


Filmstrips ■* ♦ . 


1 


15 ^ 


* 

4 


27 


0 


9 


3 


16 * 


Videotapes 


0 


15 


3 


27 


0 


11 


3 


16 


Natural or preserved,- 


2 


5 


56 


'28 ' 


0 


0 


9 


7 



1 

6 



8 
2 



Table 18 

Utilization of Prii^ted Instructional . M^ittfij^s Repqjf^^^i 
l>y; Science- Faculty, Two-Year Colleges ,v F^ll Termr ^977. 



Type of. Printed Material 



r. 



Textbooks ^ 
Lab mater ials/vi;or1?books 

. Syllabi/handout materials 
Probli^m bofl^s 
Reference book^ 

^^gurp'aiymagazine articles 
Newspapers ' ^ ■ 

Cqllections ©^readings 
^^the^ f / ' 
*pdges -notf reported. 



Percent of Faculty Utilising Type of 
Material (PU). and Average/Number of 
Pagei Assigned ipG) 

Chem BitDl Phys All Sci 

(n«=82) (n=160) (n=45) •(n=1275) 
PU-PG PU-PG PU-PG PU-PG 



98-312 

84-1Q7 

76-40 

38-117 

33-35 

23-30 

7-30 
*6-73 

7-52 : 



96-340 
80-112 
74-35 

•-75 
39-90 
38-13 
11-13 
15-76 

7-89^ 



. 91-254 
78-34 
51-18 
20-40 
18-15 
' .7-* 

' 7-55 
•4-170 



.94-308 
44-101 
62-29 

10- 90* 
22-107 
25-23 ' 

11- 22 
14-126 

8-121 



Evaluation of Students 

; When queried with respe<:t to the" abilities -they 
ask their students to demonstrate on examinations and 
quizzes, most of the chemistry faculty rated "acquaintance 
with, the concepts of the. discipline" as the most important 
item followed by "mastery of a skill" (Table 19) . 

. The chemists used Several factors when determining 
a student »s grade. Thiey gave , the greatest emphasis to 
the results of objective tests" and examinations which ' 
^ can be sc6red quickly, fQllowed by laborateoijy reports 
and essay tes'ts (Table 20) . - • 

Practically all of the chemistri/ 'f^^lty^epgrted 
• that they used matiiematical' type problems where th^i Wk 
must be shown as well as the construetion of graphs, 
diagrams and chemical equations ! -Multiple response and 
essay questions both were u^d by ^bout three-quarters^- 
of the chemists but wit;h less frequency (^Pable il) . 



» Table 19 

Importance of Abilities Students Are Asked to Demonstrate 
on Examinations and Qui^zzeS as Repprted by Science Faculty 
Two- Year Colleges, Fall Terpi, 1977 * 



Ability 



Acquaintance with concepts 
of the discipline 

Mastery of a skill 

Understanding significance 
of phenomena and 

experiments 

■»■ 

Ability to synthesize 
course content , 

^Recall of specific 
* informa£ion 

Relatironship of concepts 
to student's own values 

Other 



Percent of Total Faculty Considering 
This Ability Very Important (V) 
and Somewhat Important (S) 

• Chem Biol Phys All Science 

Th=82) (n=160) (n=45) 
V S V . S V S 



90 9 

71 20 
45 50 



(n=1275) 
V S 



91 



51 



8 



24 42 
59 36 



84 



24 

56 31 



^39A 



^6 41 
0 0 



83 13 



51 
45 



. ^28 
i 34' 



53 


36 


46 


39 


13 


58 


43 


49 




* 

29' 


24 


36 


5 


0 


3 


0 



0 



Table 20 . ' • 

Emphasis With Respect to Determination of Grade Given 
to Various Student Activities by Science Faculty, 

Two-Year Colleges, Fall Term, 1977 , ^fj 

Type of Activity Pencent of Faculty Count ing. This 

Type for 25% or more of grade (A) 
and less' than 25% of grade (B) 

Chem' . Biol Phys All 'Sci 

'(n=fr2) (n=160) (n=45) (n=1275) 







- B 


A - 


- B 


A - B- 


A - B 


Objective tests/exam- 
inations (quick score) 


61- 


-18 


72- 


-13 


42-13 


60-15 


Laboratory reports 


•40- 


-45 


11- 


-43 


27-53 


10-3 7 


Essay tests/examinations 


50- 


-17 


44- 


-23 


42- 4 


. 41-15 


Laboratory unknowns/ 
practical exams 


"12- 


•40 


19- 


•28 ' 


2-24 


6-11 


Pi^blem sets 


4- 


•43 


1- 


■10 ■ 


7-44 


5-18 


Homewor k 


2- 


■49 


1- 


19 


7-47 


6-32 


Workbook completion 


5- 


■13 


1- 


•21, 


0-22 


4-14 


Regular class attendance 


0- 


32 


3- 


28 


0-22 


3-32 


Papers written outside 
of class 


0- 


20 


2- 


T' 


4-11 


9-25 


Participation in class 
discussions 


0- 


17 


1- 


25 


2-.24 


2t-32 

*> 


Research reports 


1- 


11 


'1- 


18 


0- 7 


3-14 


Oral recitations . 


0- 

• • 


15 


1- 


11 


0-16 


'2-17* 



" (All other activities listed were less than fo% total 
for chemistry and are not shown in the table; these include 
papers written in class, field reports, individual discussions 
with instructor , -non-written projects, and other activities.) 



^ — • Table 21 

Types of Questioi>s Used in Written Quizzes apd Examinations, 
Science Faculty, Two-Year Colleges, Fall Term, 1977 



Types of Questions 



Multiple response 
(multiple choice, true/ - 
false etc.) 

Completion ^ v 

Essay 

Solution of mathematical 
typ^. Pi^oblems witH wprk 

Constr ucticSn of grgphs.^ 
diagrams^ chem. equations 

Derivation of mathematical 
relationship 

Other 



Percent of Total Faculty Using This 
Type Frequ^tly .(F) and Seddom (S) 



Chem 
.(n=82) 
F S 


Biol , 
(n=i60)' 
F S 


Phyfl 
(n=45) 
F* S 


All Sc 
(n=l 
F S 


.45 


28 


84 


10 


20 


38 


50 


20 


27 


' . , ■ 


46 


39 


■*13 


2l 


25 


32 


33 


40 


48 


29 


^\ 


24 


31 


23 


81 


13 


8 


37 


.73 


7 


49 


15 


68 


27 


6 


38 


31 


36 


26 


30 


4 


54 


1 


11 


22 


27 


12 


29 


4 


0 


6 


0 


7 


0 


5 


IX 



More than 9 of 10 of the chemistry faculty award 
ABCD grades and over threerf ourths also award F jgrades. 
Informatipn regarding this grading system reveals that 
the pass and fail or no credit systems receive little 
attention from any of the sciences. Reference t,o Tables 
19 through 21 show other factors related to evaluation 
of . students by chemists, as well as the comparison among 

, chemistry, physics, biology and the total group of science 
faculty. . ' • ^ ' 

Degree Attainirfent , ) / ^- ;■ . 

B'aculty members responding to our survey were asked 

'to indicate their highest earned degree. Over one-third 
Of the chemistry faculty (35%J bold earned doctorate 
degrees (in chemistry or anot^her^ field, such as higher 
education). Most of the remaining instructors (63%) 
have' master ' 9 degrees in chemistry or some other field, 

.This is more than doulale the percentage (17%) of earned 



doctorates among chemistry faculty (n=649) in 1967 as 
well as a small increase in the percentage (93% to 98%) 
of chemistry faculty holding a master's degree pr highei 
(Mooney & Brasted, 1969). The percentage of degrees 
in chemistry is probably higher today, primarily because 
many retirees with master's degrees or less have been 
replaced by younger chemists with doctorates who in earlier 
years would have gone into a four-year college or university 
Doctorate attainment in chemistry (35%) and physics (31%) 
is higher than in any others field. , ' 

The Conference on Science in tjie Two-Year College 
(ACS, 1971) recommends that the minimum academic preparation 
for a two-year college science teacher be equivalent 
in level to a master's degree in the discipl ine to qualify 
in the subject he teaches. Clearly, any assessment of 
the needs of the sciences in the two-year colleges needs 
updated information on the^ field and recency of the degrees 
held by the faculty ^efore making recommendations' for 
faculty c|evelopment programs. 
Teaching Experience . 

In the fall o£ 1977«|lVer one-third (34%) .of the ' * 
•chemistry faculty had been teaching in two-year * colleges, 
for more than 10 years; in contrast, ,less than one-quarter 
(22%) had less than four years experience. Although 
there is a slight difference in the questions asked in 
the 19,67 AC^ study, these results show a drastic^chang« 
sj^nce then, when only 18 percent had been in their present 
position more than^ 10 years and 53 percent, had less than 
four yeats experiehce there (Mooney & Brasted, 1969^) . \ 

, «■ ■ 
\ ~ 

In 1967, the question asked for years in present position; 
in 1977 it was years in a two-year college. Only 7 
percent of the 1967 group had two-^year college experience 
prior to their present position. , 

. ■ ■ . ^ 



The chemistry faculty reflects more experience in the 
two-year colleges than does the all science group (70% , 
5 or more years, compared to 69%) or- the physicists (73%) 
or biologists (71%) ♦ We conclude that overall community 
college chemistry faculties are aging and suggest this 
has implications for a needs assessment • 
Employment Status 

Much concern has been expressed over the recent 
increase in part-time faculty in the community colleges* 
Our Instructor Survey, focused, on the fall of 1977^ pre- 
dated Proposition 13 in California and subsequent cost- 
saving actions around the country. At that time we found . 
no substantial change in the full-time percent of chemistry 
faculty from 1967 (Mooney & Brasted, 1969) to 1977 (83% 
t6 84%); the part-time percentage decreased (17% to 10%) • 
A partial explanation of this could be the decrease in 
enrollments and elimination of some smaller sections 
experienced in many colleges even prior to 1978 , actions 
which generally result in fewer part-time positions • 
The part-time teaching in chemistry across the country 
tioday does need much further detaile.d study ^ especially 
in order to determine the effect it is havij>^ on the 
quality of instruction and student retenjblon and perfor- 
mancev We also found the chemistry curriculum to be 
more committed to full-time faculty than were biology, 
physics oif the all science group. 
Assistance Available' to Faculty 

The 1969 Conference on Science in the Two-Year Colleg'e 
(ACS, 1971) recommended that technical and secretarial 
assistance be provided to science faculty. We asked 
faculty about the types of assistance available to them / 
an'd whether or not the faculty member had made use of 
this assistance. Clerical help, the most frequently 
available assistance, was utilized by more than two-thirds 
of the chemists. Laboratory or technical assistance, 
less available \han clerical, was utilized by 57 percent 

68 ' 



of the faculty but it was available to only 62 percent 
(Table 22) . 

We calculated a need or usefulness index for the 
types of assistance included in the, table. This index, 
defined as the percentage of faculty utilizing a given 
type of assistance when it was available r is reported 
in column C of the table. Laboratory help was the most 
needed or useful form of assistance r used by 92 percent 
of the chemists to whom It was available; the clerical ^ 
index was 82 pei^cent. These indices argue strongly fpr 
the recommendations from the 1969 Conference, ' 

King and Ullmann (1978) report an average of, one 
full-time laboratory technical assistant for every 4.0 
chemistry faculty members as well as onfe full time secre-- 
tary for every 15.4 faculty in 21 public community colleges 
of New York state. Furthermore, these colleges also 
supplied student laboratory assistants, 3.7 hours-per 
faculty per week and student clerical help, 1.2 hours 
per faculty per week. The large departments (six or 
more faculty) tend to have higher faculty to assistance 
ratios for both types of assistance than i«s characteristic 
of the smaller departments (less than six. faculty) , a 
relationship that reflects economy of scale. This New- 
York study supports my observations over the last 25 

ft 

years in community colleges that a ratio of one laboratory 
technician to every four full-time faculty members, or 
equivalent, is optimum both educationally and economically. 

Colleges desiring to study or revifew the use of 
technical assistants may find helpful .the published job 
description for a chemical laboratory technician in a 
community. college (Mooney, 1968-1969) . 
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Table 22 

Utilization of Available Assistance by Science Facultie^, Two-Year Colleges 

Fall Term, 1977 



Type of Assistance 



Percent of Total 
Respondents Having 
This Type Available^ 



Percent of Total- ^ 
Respondents Utilizing 
This Type 



Percent Utilization 

of Available Assistance 



Technical (laboratory) 


Chem 


Bio 


Phy 


Chem 


Bio 


Phy 


Chem 


\ Bio 


Phy 


62 


58 


36 


57 


49 


31 


9,2 


J 84 


86 


Tutors 


61 


'56 


44 


54 


'38 


31 


89^ 


68 


70 


Clerical Help 


84 


86 


80 


69 


77 


69 


82 


90 


86 


Paraprof essionals 


. 26 


24 


16 


20 


19 


7 


77 


79 


44 


Readers 


16 


11 

* 


11 


11 


4 


7 


69 


36 


64 


Library-Bibliography 


72 


80 


58 


43 


52 


24 


^ 60 


65 


41 


Media Production 


76 


76 


60 


40 

1 


54 


29 


53 


71 


4-8 


Test Scoring 


62 


67 


38 


22 


38 


11 


36 


57 


29 


Other 


5 


3 

1 


2 


5 


3 


2 


100 


100 


100 


n«=82 for chemistry, n« 


160 for 


biology. 


and n«45 


for 


physics. 











The % utilization « (% utilizing 1% available) 100, 



The high utilization index for tutors (B9%) by chemistry 
faculty is a strong argument for those' colleges that 
do not provide tutorial assistance to chemistry students 
to make it available. The control and location of chemistry 
tutors in the two-year colleges is controversial. Based 
on observations made during consultations and others 
on site visitations, I recommend they work in the chemistry 
department under the supervision of chemistry faculty 
to make more effective use of all possible resources 
(e.g,, mojdels, laborator;y equipment, references and faculty) 
and to minimize the negative effect of a tutor taking 
an entirely different approach than the instructor , thereby , 
compounding the conceptual and computational difficulties 
of the student. Colleges desiring to study or review 
the use of tutors in chemistry are referred to the tutorial- 
la^ratory approach at Bronx Community College (Ukeles, 
1976) and to the unpublicized progi^am developed at the 
College of Marin' by Onnig H. Be2;irjian. The Project 
TEACH materials could help train tutors to deal with 
the specific conceptual and computational problems in 
chemistry experi^ced by the tutoree as well as their 
more general problems of being a student and person 
(Project TEACH Staff, 1976). 

Media production and library-bibliography services 
appear to be under utilizedy a condition suggesting the ^ 
need for additional study to determine the reason for 
and ways of effecting improvements in chemistry courses 
through the .use of these resources. This underutilization 
may be related to the need for instructor release time 
to develop courfse and/or materials (see next section). 
Reference to Table 22 allows comparison of the chemistry, 
physics, biology, and the all science groups on the 
provision and utilization of lissistance. 



Improvement of Instructional Effectiven ess 

Since faculty members have ideas for making their 
courses more effective, we sought their reactions to 
the effect, of sixteen possible changes on their course. 
Nearly two-thirds of the chemists most desire/ students 
better prepared tp handle course requirements (Ta^e 23) 
Not only was this the highest; percentage response from 
.the chemistry faculty, it*was the second highest from 
any field on any item, slightly exceeded only by the* 
desire of anthropologists to have more media available 
Nearly half of the chemists expressed ^he desire for 
instructor released time to develop course and/or matel 
Reference to the t^ble permits comparisons of the responses 
from the chepiistry, biology, physics and all science 
groups on each of the items. • 
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Table 23 

as for Making Science Courses More Effective in the 
Two-Year Colleges as Ranke^ by Science Faculty, 

B'all Term, 1977 



Percent of Total 
Faculty Respondents 



Idea for Improvement 

Students better prepared to 
handle course requirements 

Instructor release time to * 



Chem 
n=82 

63 



Biol 
n=16 0 

54 



Phys 
n=4 5 



56 



Different goals and' 
objectives 

Fpwer or no, prerequisites 
for admission to class 



1 



5 
0 



2 
0 



All Sc 
n=1275 

' 53 



develop course and/or 
mater ial 


49 


42 


• 38 


38 


Better laboratory facilities 


37 


31 


44 


21 


Stricter prerequisites for 
admission to class 


35 


37 


40 


30 


Pl;of essional development 
opportunities for 
instructors 


28 


• 

35 


18 . 


• 

24 


Availability of more media or 
instructional mater ials^.^ 


26 


48 


18 


36 


Smaller class 


23 


27 


16 


29 


More clerical assistance 


20 


18 


18 


17 


More interaction vith 
colleagues or 
administrators " 


18 




18 


18 


More reader/paraprof essignal 
aides . , 


18 * 


9 


24 


13 


Other * 


16 


11 


11 


10 


More freedom to choose 
materials ' . t 


11 


8 


9 


9 


Larger class (more students) 


10 




22 


8 


Changed course description 


7 ■ 


5 


0 


6 


Less interference from 
colleagues or 
administrators 


6 


4 


t 

4 


4 



4 

1 



PART III . i . 

^ RECOMMENDATIONS ' , • 

A major outcome of this, study by the Center for 

the Study of Community Colleges has been to focus attention 

on what is needed fpr an idealized chemistry program 

in a comprehensive two-year college • "^he (elements of 

this program have been called to out attention directly 

and indirectly through the literature review and the - ^ 

♦ 

findings of ^the curriculum and instructor stitidi^Q, as 
well as through discussions with faculty during cdllege * 
visitations or meetings of chemical educators. 

In order .to present a comprehensive chemistry prdgram 
the fbllowing components should be included. Understandably, 



the fuXi complement of reconunenda Lions aCfottds an idealized 
representation. However, these Recommendations can serve 
as guideline^' 'for an evaluation of a program and for 
the development of a long range plan for improvement. 
In another report related to this. study and available 
at a future date' through ERIC we discuss obstacles to 
fulfilling these needs as weHr'as cite references reporting 
on programs which have shown progress in attaining the 
goals represented, by these, statements. .. . .. 

Ideally, two-year colleges need to provide: * * 

1. A comprehensive introductory chemi^^try curriculum 

to properly-and efficiently dfeal with the educational 

needs in chemistry of students who pursue a wide spectr(^m 
of educational goals, and are widely heterogeneous in 
their .backgrounds ^nd abiliti^es in the sciences and mathe- 
matics,. as well as in verbal and visualization areas. 

2. An efficient assessment and placement. program 
that will first- character ize students who desire to enter ^ 
chemistry courses in terms of their goals as well as 
those abilities and achievements correlating with success 

in chemistry; then, following the assessment, place .students 
in the proper chemistry course, the one intended for- 
their program and°lh which they have the most reasonable 
chance for success. 

3. An appropriate advanced (second year) curriculum 
in chemistry for the educational goal-s (major and transfer 
institutipn or employment field) Of the students. 

4. A remediation program for deling with students 
unprepared for enrol]. ing- in certain ^chemistry courses 
as well .as those who. are having conceptual and computa- 
tional^'iff iculties .while enrolled in chemistry courses. 

These first four needs should be &uppojR|;e^d by an' 



i. 



instructional program that includes: ♦ \ 

5. Extensive of lecture experfiiveV'ts and j^emonstra- 
tions to present (JeScriptive ihaterial aftd generate* laTsting 

. interest in chemical phenomena as well as to ^help students 
at a concrete operational level better deal with cheinical 
topics. If necessary, colleges should plan or renovate 
their chemistry f.acili ties to facilitate such lecture. 

. demonstration experiments. . 

6. Extensive use of three-dimensional molecular 

■ ' *. ■ ■ ' * 

•models for both >ecfcare presentations'" and student use 

an aid to student visualization and understanding 

* off:che|iiVal<»3tructui|es and intftraiotions. 

« A ^ Extensive uSjT of' some of. the^ new types of learping 

amd: me<fi;^ r^soardes,7'\suchv'as computer aided instruction, 

'-sli<l««tape presentations^ programmed instructional jnaterials, 

^e and vi^^o tape ^vi^ms in classroom, laboratory 

ilia;?^' learning situations. ' 

hsive^use of a chemistry , tutor ing program 

1 • • • * 

'^fehat j!H'}/51^&^acterized.! by training of, ^persons in the tutoring 
of " cheinfislry stjidents,''' by ''a close working relationship 
b^tv^n ,the staff o^f tutors anid the chemistry faculty, 
by the use. of^ the' -instructional materials and media^- of 
ch'eraistry In the tutor iogr and by an effective^r^ferral 
.proce4}Ur^§*^f or '^^p^Sudents who are having either conceptual 
3r qcmputatiohl3^<3iffiGuitiies in chemist:cy. 

9X»easo^,abie lab3tri>tQry instiipction; that is a,t , _ 
least comparable; to the pnajvfc^transfer institutipnc and 



' that -^citisfii^ the ^ipplownQ'iJf.^ieeds o.f occupaitj-onal students. . 
■Thist''should be interestMig and,Jp:imialatint[. tp studehts- 
r^'> as well<^.as suppoik^tive 6£ tihe. a^Cture course content and 
; : instructive with'respeet to the skills and "techniques. 
. Tequireif* of ..th^t'stud^dnts for further «tudy or employment. 
.10. Multiple instruct i?6nal strategies that will 
• -itllbw stu^lent'S a"^hoic6 of methods and materials so that. 




or 
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they may elect the oneC&) which are most compatible: with 
their learning style and personal requirements. Such 
'strategies al»o allow coll^g^s, especially the smaller 
ones, to offer a more comprehensive chemistry curriculum, 
thereby better seizing the technical and broader educa- 
tional needs of . students not ' presently being properly 
serviced because of a limited cuMt^^ulym. Such strategies 
might involve various techniques, such as PSI programs, 
audio-tape colirses, regional cooperiation in scheduling 
and use of facilities, o^ cooperative -pro3*^ects such as 
the BioCQTie.- . * > - 

11. Extensive interaction between the faculty members 
and the studjent in the classroom* presentations, the labora- 
tory, office^"^urs ajnd auxiliari^learning situations. 
Such interaction should be concerned with motivating 

A 

and interesting students in chemistry and its interactions ^ 
' with the other sciences ^nd society as w^ll as. instructional 
• conxier ns . . • . , ■ 



In order to ^atisfcy the cur.ricular needs (1-4) and the 
instructional needs (S-11) , the colleges need to provide: 
12. Suitable technical, secretarial, artd. tutor ial^ • 
assistance ifor the chemistry faculty as well as conveniently 
available ;media-{^oduction%.an<3 library bibliographic; ' ^ ^ 

assistance. . ' , 

' 13. For each of their chemistry faculty members * 
each year to attend programs such as the Two-Year College 
Chemistry iConferences, the Division of Chemical 'Education 
Conferences and the American Chemical ^ociety national 
meetings. / , . 

14; A chemical education resources library, conveniently*^ 

# • * ■ 

accessible and available to the chemistry 'fatuity, which 
includes journals^, reports and documents. relevant to 
chemical'' education in the two-year colleges, ' . 



>• 15. "^A student follow-up program to provide feedback* 
on the successes, problems and failures of former chemistry 
students after they have* transfer red or entered the world 
of work. Such information is important in validating 
present practice and determining necessary changes. 

16. A student recruitment and retention program 
is needed to increase the flow into th^p, department of 
students of all academic inter esi||^v^nd abilities, especially 
the better prepared who are interested in science and 
engineering and^the occupationally-or iented studen^ interest 
in science related technologies. * Once in the program 
these students must be retained until they have completed 
the;full two years of c9ileg^ .level science work and 

can transfer, as fully qualified science or engineering . 
majors or enter employment with the associate degree i 

17. Ah inStrucUional research program that will 
provide the financing, and expertise to allow the chemistry 
faculty tb design and perform new cheinical education • 
research related to the unique situation of the two-year 
colleges- 'is well as replicate some studies reported in 

the literature as a;method o^ validating, their usefulness 

^ ' ■ . . ■ - ! ■ * 

'in the local situ^tioi\. ' . 

1*8'. C^eml'stry classroom and laboratory facilities 

that iheet adl pertinent criteria for iSjDoratory safety 

and a suitable working environment, as vielX as make it 

afiiblfe.to car'ry out an appropriate laboratory program, 

including use of instrumentation; iTo effectively utilizjfe 

appropriate lecture demonstration, equippaent and models;! 

to provide for 'appropriate faculty-student intetactior^ 

and to allow for effective auxiliary learning pcograms*' 

as well as maltiple instructional strategies. This may 

require extensive changes in present facilities and a 

reorientation in planning new facilities. 



19. A sufficient full-time faculty in chemistiry 
to effectively and efficiently deal with the 'chemistry 
program and ut^iAize p^art-time faculty to take care of 
the fluctuatifons in enrollment from term to term and 
fill in for full-time faculty on leaves. If part-time 

.facility are used, a- program should be provided to insure 
that their work is properly coordinated with that of ' 
the full-time staff and that the standards of instruction ... 
and evaluation for the department are maintained. 

20. For academic year release time and summer project 
employment of faculty to carry out curriculum development 
and instructional research proje'cts relevant to satisfying 
the curriculum and instructional needs -above. . .. * 

21. Fpr the establishment of one or more advisory 
committees for the chemistry program of the college • 

A separate group shfould be established for chemical tech- 
nology if the college has that program^ and separate 
groups may be establislied f<3r other portions oif the chemis^try 
curriculum or one^ group with subcommittees might be employed. 

In order to carry out their responsibilities to the students, 
colleges and profession^ the chemistry faculty must not 
only make effective use of what the college provides 
for their work (12-21) but they must also asmune professional 
responsibilities such as: 

. 22*. Wheq responsible for -the allied health, e^ngine-ering • 
technician, and chemistry for other ' occupatidnal group 
courses, *f acuity and professionals in the occupationiil 
fields should cooperate to ^ev61op chemistry courses 
consistent with the educational, needs of thes.e occupational * 
groups; ^ . 

23«' Publish, in appropriate journals and present 
papers at professional meetings related to their curriculum^ 
developments, irstructional research and instructional 
practicres as well as their philosophies on chemical education. 



To assist the faculty and administrators of the two-year 
colleges in discharging their responsibilities to provide 
for the satisfaction of the needs expressed above, outside 
agencies (e.g., the American Chemical Society Education 
Office ^nd Division of Chemical Education and the AACJC, 
the National Science Foundation and other gcJver mnental 
agencies, state community college agencies, private founda- 
tions and research centers, chemical industry groups . ♦ 
and other interested or ganizatiohs) should ijidi vidually 
or cooperatively develop: 

24. A companion version of the document, Undergraduate 
Profession al Education in Chemistry: Criteria and Evaluatiorj 

■ — ^- — — — — — " • -" - ' "* • 

Procedures, for the two-year colleges, entitled Criteria 
for Education in Chemistry in the Two-Year Colleges. 

25. Comprehensive programs for (1) presenting the 
Criteria document in 24 to college administrators, science 
administrators and chemistry faculty of the community 
colleges and for/ (2) assisting colleges in evaluating 
their programs in terms of the Criteria and other recommen- 
dations, as well as in developing long range programs • 
for effecting compliance with the Criteria and with 
recommendations such as these. 

2,6. A Center for Research and Development in Chemical 

Education in the Two- Year '^Colleges that would stimulate 

and assist local colleges and groups of colleges in research 

projects designed ^to study the curriculum and instruction 

problems of the chemistry programs of the two-year colleges 

and develop strategies andr materials foiy>dealing with 

/ . ' ■ • ■ 

these 4)rob;^em^. 

;.27. Cireate a n^itional funding program for the sciences 

in'the tw^year colleges that will combine features of 

sevdr lai preisenjt National Science Foundation programs 

with some of those of the \iocati6nal Education Act and 

similar occupational funding programs* TheVprogram° should 



have two thrusts - one to help institutions achieve cottj- * 
pliance with the Criteria and to help institutions move 
forward from that level with soundly concejlved innovations. 

Z8. Recommendations regarding the titling of chemistry 
courses to avoid th^ ambiguity reported in findings of . 
this study. ' . " 

29, Plans to use the Course Classification System 
for the Sciences in the Two- Year Colleges as the basis 
'for gathering and reporting information about chemistry 

and the other sciences in these colleges and also as 
a guide for the classification and evaluation oil courses. 

30. Strategies for relating chemistry to the non- 

•t 

science and non- technology stu<3ents. These should include 
courses and related materials as well as ideas for non- 
credit public understanding of science programs. 

Finally, we believe that the administrators and 
faculty have the special responsibilities described below, 
that must be dealt with pragmatically before the needs 
described ak)ove may be satisfied. 

The non-science and non-technically oriented adminis- 
trators need to develop an understanding of - rather 
than an antagonism towards - the chemistry program. 
They must understand the unique nature of chemistry as 
a discipline; the nature of the chemical requirements 
of other disciplines within the curriculum; o^ the central- 
ity of chemistry in a comprehensive community coll'ege 
program; of the economic requirements of a chemistry 
program; of the need 'to characterize the two-year college 
student with respect to the abilities required for success 
in chemistry and the implications of^ this for courses, 
assessments and'' instruction; and of the requirements 
of the chemistry faculty to develop programs/to effectively 
and effici^ently deal with these problems. 
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^'^''"^ .^'^^'?^*-^!*t^^Httft^t^>-'^^k^^ • ass i stance , the chem i s t r y 

faculty - many of whom are tfad^itlSn'l^'^If^-t^^ 
trained an4 oriented towards teaching reasonably well 
prepared science major students - should develop and 
reorient themselves so they can implement the curriculum 
and programs described above in an educationally efficient 
and economically feasible manne.r . 
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APPENDIX A 



Region I NORTHEAST 

Con'necticut 

Greater Hartford 
Mitchell • . 

Quinebaug 

Massachusetts 
Bay Path 

Bunker Hill 

Mt. Wachuse.tt 

Maine , • 

University of Maine/ 
Augusta I 

New Hampshire 

New Hampshire Tech. 
White 'Pines 

New York 

Cayuga County 
Genesee 

Hudson Valley • 
North Coi^ntry 

Ver mont 

• . * y 

• Champla'in 
Vejcmont Col. of 
Norwich U. 



\ 



Region 2 Ml DOLE STATES 

' Dela ware 
Delaware Tech. and C.C./ 
Jperry Campus 
' *Qoldey Beacom 

Maryland 

Dundalk 
Eager 9 town 
Harford - . 

. Howard ^" 
Villa Julie ' 

New Jersey . 

Atlantic 

Middlesex County 



Pennsylvania 

Allegheny County/Boyce Campus 
Delaware Court ty 
Harcum • - .\ 

Keystone ' . 

Northampton County 
Northeastern Chr.istian 

West Virginia 

West Virginia Northernr 
Potomac State 

Region 3 S OUTH 
Alabama 

James Faulkner State 
John c' Calhoun State* , 
Lurleen B. Wallace. State 
Northwest Alabama St:^te 

Arkansas 

Central Baptist 
Mississippi County 
Westark 

Florida 



Brevard 
Edison' 
Florida 
Palm Beach 
Seminole/ 
Valine i^ > 



/ 




^eorgij^ 

■/ AtJ-aryta ^ 
Baii>brldge/ 
ll^ytoi^' y /' 
,*'l<ziyd / / ) 
Georgia Military 
Middle jSeorgia 
/^outh Georgia 

. / Kent u Ay 
^utheast 




V 



APPENDIX' A (continued) 



/ Mississippi 

Jtawainba 
Mary Holmes 
Mississippi Gulf .Coast/ 

Jefferson Davis Campus 
Pearl River 
Southwest Mississippi 
Wood 

North Caro lina " • ' 

Chowan College « ' . 

Coastal Carolina 
Edgecombe Tech. ' , 

Halifax City Tech. 
Lenoir 

Richmond Tech. 
Roanoke-Chowan Tech. 
Wake Tech. 

South Carolina 
Greenville Tech. 
University of South Carolina/ 
Lancaster < 

Tennessee 

Jackson State 
Martin ^ 
Morristown 
. Shelby State • ' 

Texas 

Angelina * 

Lamar University/Orange Branch 
San Antonio 
Vernon Regional 
Weatherford 

Virginia / . 

^^^^^ « 

Central Va. 

Northern Va./Alexan<^r ia 
New River' 
Sout^^rn Seminary 
.TideWater ' , 
Thomas Nelson 



Wytheville 
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Region 4 MIDWEST 

Illinois 

Central YMCA 
Danville ' 
Highland 
Kishwauk^e 
LJSncoln Land 
'Oak ton / 
Waubonsee 

William Rainey Ifarper. . 
Iowa 

Clinton ' • 

.Hawkeye Institute of 
Technology 

Indian Hills 

Iowa LakTes 
, Marshalltown 

Southeastern * 

Michigan 

Bay de Noc 
Delta 

Kalamazoo Valley 
Kirtland " 
Monroe County / 
.Oakland 
Suomi 

Mir^nesota , ^ 
Austin 

North Hennepin 
Northlar^ 

University of Minnesota 

Tech. 1 . 
Willmar 

Missouri 

St. Paul's 
Three Rivers 

Nebraska 

Metropolitan Tech. 
Platte Tech* 

Ohio . ■■ ■:■ . 

Edison State 
Lorain County 
Northwest Tech. 
Shawnee State 
Sinclair ' * 
University of Toledo 
Comm. and Tech. 



Wisconsin 
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District One Tech. 
Lakeshore Tech* 
Milwaukee Area Tech.^ 
University Center 
• System/Sheboygan 
Western Wisconsin Tech 



Region 5 

Colorado 



MOUNTAIN PLAINS 



Arapahoe 

Community College of Denver 

Auraria- Campus 
Morgdfn 

Nor theasterri 
Kansas 

Bart6n County 
Central 
Coffeyville 
Hesston 
St. John's 

Montana 

Miles 

North Dakota 

North pakota St. Sch. 
of Science . 

Oklahoma 

Connors State 
Hillsdale Free Will B 
Northern Oklahoma 
South Oklahoma City 
St, Gregory's - 

South Dakota 

Preserttation 

Utah . . 

College of kast 
Utah Tech. > 

Wyoming 

Central Wy 




(continued) 

Region 6 WEST 

Alaska / 

Ketchikan / 

Arizona 

Cochise • 
Pima 

California / 

American RiS^^r 
Butte ; 
Citrus A 
College ^/san Mateo 
College ^pl the Desert 
College ©f the Sequoias 
Fresno yity College 
Hartne! 
6sej 

OS A/igeles Pierce 
iMenjdocino 
Me roe d 
/ Mty./san Jacinto 
/ SAodleback 
/ San Bernardino Valley 
'an Diego Mesa 
anta Rosa 

Nevada 

Clark County 

Oregon . 

Chemeketa 
Mt. Hood - 
Umpqua 

Washington 

Green River«. 
.^ower Columbia 
Peninsula 
South Seattle 
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C«(nter for the Study of Community Colleges 

INSTRUCTOR SURVEY 



Your college is participating in a nationwide study conducted by the Center for the Study of Com- 
munity Cplleges under a grant from the National Science Foundation. The study is concerned with 
the role of the scienfces and technologies in two-year colleges — curriculum, instructional practices 
and course activities. 

The survey asks questipns about one of your classes offered last fall. The information gathered will 
help inform groups making policy affecting the sciences. All information gathered is treated as 
confidential and at nO time will your answers be singled out. Our concern is with aggregate instruc- 
tional practices as discerned in a national sample. 

We recognize that the survey is time-consuming and we appreoiate your efforts in completing it. 
Thank you very much. 



la. Your college's class schedule indicated that in Fall, 1977 you were teaching: 



(Course) 



1M3 



(Section) 



If this class was assigned to a different instructor, please return this survey to your campus facilitator 
to give to the person who taught this class. 



If the class was not tatfght, please give us the reason why, and then return the uncompleted 
survey form in, the accompanying envelop«i. 



b. Class was not taught l>ecause: (explain briefly). 



Please answer the questions in relation to the specified class* 



2« Approximately how many students were hiltially enrolled in this class? . Males 

Females 



3« Approximately how many students completed this 
^ course and received grades? ( Do not Include 

withdrawals or Incompletes*) 



Males 
Females 
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• 1 



* 
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4. Check — ch of the Itcmi b«low that you beUcve properly describes this course : 

0 «. Parallel or equivalent to a lower division college level course 

•t transfer institutions • □ ' 

b. Designed for transfer students majoring in one of the natural 
rcsourccfs fields (e g , agriculture, forestry) or an allied health 

field (e.g.. nucsing, dental hygiene, etc.) D.^ 

c. Designed for transfer students majoring in one of the physical 
or biological sciences, engineering, mathematics, or the health 
sciences (e.g.. pre-medicine. pre^lentistry) 

d. Designed for transfer students majoring in a non-science area . . 

e. Designed for occupational students in an allied health area . . . 



f. Designed for occupational students in a science technology or ^ 
engineering technology area C ^. 

g. Designed as a high school make up or remedial course . P \ 

h. Designed as a general education course for non-transfer and non ^ 
occupational students 

i. Designed for further education or personal upgrading of adult ^ 
students . • /: , ^ □ 

j. Other (please specify): _ □ 



5a. Instructors may desire many qualities for their students. Please select the one quaUty hi the ffoUowtag list of four 
that you most wanted your studetits ta^chleve In the qpccifled course. ^ ^ 

1) UnderstaniJ/appreciate interrelationships Of science and 

* technolp^ with society □ ^ ' 

2) Be able to understand scientific research literature . / ^ . - . 

3) ^^ply principles learned in course to solve qualitative and/or ^ 
quantitative problems □ 

4) Develop proficiency in laboratory methods and techniques of - ^ 
the discipline . - *. - • * ^ 

b. Of thcjf^r quaUties listed below, which ane did you most want your students to achieve?. / 

1 ) Relate knowledge acquired in class to real world systems ' ' 
^ and problems LJ ^ 

2) Understand the principles.conccpts.and terminology of the discipline 

3) Develop appreciation/understanding of scientific method . * . . 

4) Gain "hands-on" dr field experience in applied practice ..... 

c. And from this list, which one did you nibst wisnt your students to achieve In the specified class. 

1 ) Learn to use tools of rescayph in the $ciences □ ^ 

2) Gain qualities of mind usefulin further education . • • • 
'* 3) Understand self . , 

4) pevelop the ability to think critically . . . . ' 

j 

to. Were there prereqiiUlte requlremenu for this. course? YesD' NoD^ 

h. IF YES: Which of the foUowbig were reqidred? (CHECK AS BIANY AS AFPLY) 

1 ) Prior course in the same discipline tS|ken in high school □ ^ . . college W 

2) Prior course in «ny science tiken in ; high school □« ~. . college □» 

3) Prior course in ma^hitinatics taken in high school □» . . college □» 
' :\ *) Declared science 6r technology major . . . .* □ * ' 

5) Achieved a specified score on entnute examination. ' 

6) Other (please specif y^:^ — , '■ □* 



Over the entire term, what percentage of clan time Is devoted to each of the following: 

a. Your own lectures — 

b. Guest lecturers — 

c. Student verbal presentations • • — 

d. Class discussion — 

c. Viewing and/or listening to film or taped media — 

f. Simulation/gaming 

g. Quizzes/examinations — 

h. Field trips — 

i. Lecture/demonstration experiments — 

'\. Laboratory experiments by students 

k. Laboraton' practical examinations and quizzes . . - _ 

>• . 

I. Other (please specify): ^ — . — . — ^ ^ _ ^ 



M 



9?/33 
34/3^ 

30/39 
40/4t 
42/43 
44/45 
46/47 
46/49 
.50/51 
63/6» 

54/55 



Plcas^ add percci(t»ge8 to make 
sure they agree witji total 



TOTAL: 



100 % 



9 

8: How frequently were each of the following Instructional media used li^thls class? 

Also check last box if you or any member of your faculty developed 

any of the designated media for this course , 



erJc 



Frequently 
' used 

A' • . . ■ . * 

a. Films □ ^ 

b. Single concept film loops 

c/Filmstrips □\J 

d. Slides.^ ' . . "^D' 

e. Audiotape/slide/film combinations □ ^ 

f. Overhead projected transparencies . . ^ □ ^ 

g. Audiotapes, cassettes, records O'' 

h. Videotapes . . . . . . , . . ... . 

j. Television (broadcast/closed circuit) 

j.'^Maps^charts. illustrations.ndlsplays.. 

k. Three dimensional models 

1. Scientific instnimepts □ ^ 

m. Natural preserved or living specimens □ ^ 

n. Lecture or demonstration experiments t 
iitvolving chemical reagents or physical apparatus . □ ' 

o. Other (please specify): , — tj^ 

■ • 

.; ■ , " tO j 

■ ■ ■■ ■ ; - ■ \ 3. ■. 



Occasionally 
used . 

□ 2 



Never 
used 



Developed 
by self or 
other faculty 
member 

h* 
a* 
n* 
n* 



66 
57 
58 
69 
60 
61 
62 
63 
64 
65 
66 
67 
66 

69 

70 



f 



r Which of the following nuneriiOt were used In ihU cIms? CHECK EACH TYPE USED. THEN, FOR EACH TYPE 
USED, PLEASE ANSWER ITEMS A D. 



Check 
Materials 



How 
many 
pages In 
total 

were 
students 

required 
to read? 



Would Definitely, 

like to intmid 

Well- change changing 

satisfied them them 



□ Textbooks 
1 



□ Laboratoory 
2 ftiaterials 
andVork- 
books 



Q Collections 
3 of 
readings . 



□ Reference 
* books 



□ Journal 
5 and/or 
magazine 
articles , 



□ Newspapers 
s 



□ Syllabi 
7 and 
handout 
materials 



□ Problem 
» books 



□ Other 
• (please 
^ specify) 



ij^13-15 



19-21 



25 27 



31-33 



37-39 



43-45 



49 51 



55-57 



01-63 



How satisfied were yoii » 
with these materlsils? 



16 



Q, . ..□2. 



22 



26 

i 

34 



40 
46 



52 



58 



64 



ri3 



c. 



Did you 
prepare 
these 

materials? 



Yes No 



17 



23 



29 
35 



41 



47 



\3 



a 



53 
59. 



65 



How much say did you have In 
the aelectlon of these materials? 



Selected 
them but 
had to 
verify 
with a 



Was 

member of 

a group Someone 



Total 
say 



chairperson- that else 
or admin- selected selected 
istrator them them 



16 



□ !;• ■ ■ W' 



24 



30 
36 



42 
46 



54 

60 



ee 



Q2 



a- 



□ 



•4 



\ 
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10. Please indicate the emphasis given to tmdk of the followtng student activities In this class. 



V Not Included 
In determining 
• student's 
grade * 

a Papers written outside of class ^ 

b. Papers written in class . . . . > 

c. Quick score/objective tests/exams • • • 

d! Essay tests/exams □ ^ 

c. Field reports . . .• □ ^ 

f. Oral recitations . 

g. Workbook completion □ ^ . 

h. Regular clafes attendance 

i. Participation in class discussions . 

j. Individual discussions with instructor ... [J^ 

k. Research reports . * . ' □ ^ 

1. Non-written projects . . . ^. . . . □ ^ 

m. Homework □ ^ 

n> Laboratory reports . . . . . . 

o. Laboratory unknowns and/or practical 



exams (quantitative and qualitative) 
p. Problem sets 
(J. Other (plmse specify):. 



Inchided but 
counted less 

than 29^10 
toward grade 

'□^ 

■ - 



Counted li\ 
or more 
toward 
grade 



67 
S8 
S9 

70 
71 
72 

/3 
74 

75 

76 

77 
76 
79' 
.80* 

13 
14 



IL Examinations or quizzes given to students may apk them to demonstrate yart^ 

importance of each of these abiUties In the tests you gave in this course. (CHECK ONE BOX FOR EACH ITEM) 



_v ^ Very 
^ , Important 


iSomewfaiit 
tmportadt 


Not 
Important 


15 


b.^ Acquaintance with concepts of the discipline^ . 








16 






□ 2 , 




17 


d. Understanding the significance of certain 

works, events,' phenomena, and experiments . 








18 


e. Ability to synthesize course content 






□ 3 


10 


t. Relationship of concepts to student's own:values 








20 


g. Oih^T (please specijy): — 






\ □=» , 


21 




12. What was the relative emphasis given to each type of question to written qutos an^^^^^ 
(PLEASE RESPOND BY CHECKING ONE OF THE THREE BOXES FOR EAQH ITEM.) 



a. Multiple response (including multiple 
choice and true/false) , □ ^ 

b. Completion ... • U 

c. Essay . • • • * 

d. Solution of mathematical type jfroblems 
where the work must be shown^ □ ^ 

e. Construction ot graphs, diagrams, 
chemical type equations, etc. . . . - 

f. Derivation of a mathematical relation'ship 
Other (ptease specif y):^^ ~ — 



Frequently 
used 


Seldom » 
used 


Never 
used 




• 






22 


■ W 






23 


■ 0' 






24 


. 0' 






25 


. 






26 


■ ■ 






• ^ f7 








28 

• 



13. What grading practice did you employ In this class? 











ABLU/No crcq^l 


u / 


At5i../No crcuii 


LJ ^'^^ 


rass/rati • > . • » 


/ 


i^ass/nio crcuii 


LJ 


No grades ^ssui^d . ^ 




Other 




(please specify) 
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|4. For each of thrfollouing out-of-cla»» activities, please Indicate if attendance was required, 
• recommended or neither. * 



Attendance 
required for 

~» - course credit 

a. On campus educational type films . 
' b. Other films □ ^ 

_c. Field trips to industrial plants, research 

^ laboratories D ^ 

d. Television programs . . . . □ ^ 

e. Museums/exhibits/zoos/arboretums . . . □ ^ 

' f. Volunteer service on an environmental project . [J\ 

g. Outside lecture* . . . ^ □ ^ 

h. Field trips to natural formation or 

ecological area D V 

i. Volunteer service oA education/ 
community project 



J 



. . . . 
. Tutoring .... 



Attendance Neither 
recommended but required nor 
i^t required - rec<Hmnetuled 



k. Other (please specify):- 



a' 



m 3 



30 
31 

3? 
33 
34 
35 
36 

37 

38 
39 
.40 



15a. Was this class conducted a? an Interdisciplinary course? 



b. IF YES; Wiiich otlier disciplines were InvOlved?- 



Yes 
No 



(please specify) 



41 



4^ 

43- 



16. Were instructors from other dlscipl^es involved 



... in course planning? 
, . , in team teaching? . . 
. , . in offering gu^l^lectia-es? 



YES 



44 

45 
46 
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b. 


In the foll€>wiiW 




LJ 




n 2 


n 3 


' 1 — 1 4 






U . 



















17tt. Which of thMC typM of aMlctaiiGc wer« kvidlablc to you iMt «crm? CHECK AS MANY AS^ APPLY. 
^>lyhich did you utillic? CHECK AS MANY AS APPLY. 



«. Clerical help 

b. Tcit-$coring facilities . . . . ^ . 

c. Tutors 

d. Rca4crs 

c. Paraprofcssional aides/instructional assistants . . 

f. Media production facilities/assistance 

g. Library/bibliographical assistaqipe 

h. Laboratory assistants 

C Other (please specify):^ — . L . 

18. Although this course may have been very effective, what would It Uke to have mai^e it better? 
CHECK 'AS MANY AS APPLY. 

a. More freedom to choose materials 

b. More interaction with colleagues or administrators . 

c. Less interference from colleagues or administrators . 

d. Larger class (more students) 

e. Smaller class . K 

1. More reader/paraprofessional aides 

• \ g. More clerical assistance . . . 

h. Availability of more media or instructional materials 

i. Stricter prtrequisites for admission to class 
j. Fewer or no prerequisites for admission to class^ * 

, k. Changed course description 

1. Instructorrelease time to develop course and/ 

or material 

m. Different goals and objectives i» 

1^. Professional development opportujii ties f<Jr in&tructorjs . 

o. Better laboratory facilities ♦ 

p. Students better prepared to handle course requirements 

q. Other (please specify): — . — ^ — , — . -r^ 



V 
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Now. Jutt a few questions about you • • • . ' 

« 

19, |low many years have you taught In any a. Less than one year . , □ ' ; j 

two^yi^r college? ,^2 years . 

c. 34 years . 

d/ 5-10 years. : . . . ^ 

e- 11-20 years • 

> • X f. Over 20 years. . . . 

20- At this college are you considered to be a: a. Full-time faculty member □ ^ . 

b. Part-time haculty member 

c. Department or division chairperson ... □ ^ 

. ' d. Administrator 

.. • ■ * 

. Oihtv (please specify): 

■ . ^ - ... - 

* . ■ • 

21a. Are you currently employed In a research or Industrial position directly felated 
p to the discipline o^ this course? ' ^ . • 

• • . . Yes □ ^ ^ ^ w 

h^ IF YES: For how many years?-.^.:- ^ ; , • 

c. If previously you had been employed In a related hidustry or research organization, please indicate the 

■ ^ •* 66/57 

numbcrof ycars.^— , — — * — ^ — . . 

22- mat Is the high<est degrjee yoii presently hold? a- Bachelor's . . • ^ 

^.-'v" ' . b. Master's V . v. .. 
. . . r c: Doctorate, ... . • . , * ij l 

' IMPORTANT INSTRUCTIONS * 

Thank you for taking the Ume to complete this sUrvey. Please seal the completed questionnaire in the envelope , 
wJiich is addressed to.Xhe project facilitator on your campus and rettfrrt it to that person. After coUectmg the. fonfns 
frojh all participants; the fecilitator will forward the sealed envelop«|S to the Center. " ' 
, We' appreciate your prpmpt attention and participatipn in this importjipt surv^ for the National Science Foundation. 

■ ' . ' '"' ' ' ' .. : ■ -.' .- 

: • * . V \ ; Arthur M. Cohen - ' ^ Florence?LBmwer 

Principal Investigator ** Research Director 

v<.V.. > ■ ; 



